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Executive Summary 

Objective 
This report, addressing the potential cost and benefits of telecommuting, has been 
prepared by the Department of Transportation, in consultation with the Department of 
Energy and the Environmental Protection Agency, as required by section 352 of the 
Department of Transportation and Related Agencies Appropriations Act for fiscal year 
1992. The report focuses on future impacts of telecommuting on transportation, 
environment, and energy use. Despite the existence of many telecommuters and 
numerous pilot projects and studies, telecommuting is still in a very early stage. The 
projections of future telecommuting and transportation impacts provided here could 
change substantially as technology continues to develop, and experience is gained in 
understanding employer and employee response to this new form of working. 

Principal Conclusions 
· Telecommuting is now practiced by approximately 2 million workers and could 
reach 7.5 to 15 million within a decade. 

· Estimates of the future level and impacts of telecommuting are highly uncertain. 

· Telecommuting has the potential to provide significant transportation-related 
public benefits in this decade. 

· The actual amount and impact of telecommuting in any particular region will 
depend strongly on the local transportation environment and travel demand 
measures.  

· The congestion and air quality improvements potentially attainable through 
telecommuting could be substantially diminished if telecommuters removed from 
the highways are replaced by the emergence of latent travel demand. 



· Direct energy, air quality, safety, and time benefits of telecommuting will be 
increased as the degree of congestion is reduced. 

· Telecommuting could stimulate urban sprawl and have other adverse impacts on 
land use and public transportation. 

· Factors which will impact the rate of growth of telecommuting include uncertainty 
of benefits for employers and the considerable time and effort inherently required to 
bring about major changes in workstyles and ways of doing business. 

· Telecommunication services and equipment are adequate for most current 
telecommuting, but high-bandwidth capabilities will be needed in the future and 
would be beneficial now. 

· Government agencies can play a significant role in facilitating and encouraging 
telecommuting. 

· Telecommuting can be an effective tool for travel demand management, but cannot 
be mandated. 

· Continuing research is needed to clarify telecommuting costs, benefits, and future 
impacts. 

Background 
Computer and telecommunications advances in recent years, including computer 
networks and data systems, FAX machines, and electronic mail, have dramatically 
widened the choice of workplace for information workers and others so they can work 
wherever these tools are available, including at home. This development has paralleled 
trends toward a service economy, greater worker flexibility, empowerment of employees, 
and rising frustration from the irritation and time loss associated with commuting. One 
result is that a substantial portion of the U.S. labor force, perhaps as much as 30 percent, 
now works at home at least part of the time. In addition to self-employed individuals, 
contract workers, "moonlighters," and people simply bringing work home from the 
office, an estimated two million of these people are full-time employees who otherwise 
would commute daily to an office or other workplace. Most can be characterized very 
generally as "information workers," in that their work focuses substantially on the 
creation, distribution, or use of information. In effect, telecommunications services are 
substituted, partially or completely, for transportation to a more traditional workplace. 
This practice is called "telecommuting." 

Telecommuting does not necessarily imply working at home. Satellite "telework" centers 
near or in residential areas, fully equipped with appropriate telecommunications 
equipment and services, can serve employees of single or multiple firms, co-located on 
the basis of geography rather than business function. In many cases a shared facility 



provides a more practical and satisfactory location for telecommuting than the home, and 
a setting less threatening to traditional business management styles. Telecommuting is 
often practiced as little as one or two days each week, although it can be full-time. While 
today's most visible telecommuters are predominantly managers or professionals, 
telecommuting is potentially relevant to most information workers, as well as to some 
other types of employees. 

As corporate information technology and public telecommunications services have 
advanced, interest in telecommuting has increased markedly in recent years. A major 
reason is its reported potential to improve significantly both the productivity and quality 
of life of employees. Employers are attracted not only by the potential productivity gains, 
but also by greater success in recruiting and retaining employees. 

From a national perspective, telecommuting is of current interest because of its potential 
transportation implications, especially with respect to air quality and congestion relief. 
The public cost of urban traffic congestion is not limited to personal stress and costs of 
delays and corporate productivity losses; commuting in general, and peak-hour 
congestion in particular, are major sources of air pollutants. The Clean Air Act, as 
amended in 1990, requires that stringent measures be taken in many regions to reduce air 
pollution through constraints on vehicular traffic. Telecommuting is seen by many as an 
important tool in managing demand for transportation. In addition to lower congestion 
and less air pollution, potential benefits could include reduced national petroleum use, 
fewer highway accidents, and eased transportation infrastructure requirements. 
Telecommuting can also expand opportunities for people with impaired mobility or tied 
to the home for any other reason. 

Telecommuting is not without possible negative effects. Concerns expressed in the 
literature include conversion of employees into contract workers lacking job protection 
and benefits, and perception of pressure to work excessive hours. Maintenance of a clear 
distinction between work and home life can be difficult for some, leading to serious stress 
and burnout. So far, these problems have proven minimal for most telecommuters, who 
continue to go to the office several days per week. Another concern is whether those who 
telecommute, particularly from a remote satellite center, will move still further into rural 
areas, thus negating the energy and emissions benefits and accelerating urban sprawl. 
Other negative impacts on land use, public and urban transportation are possible. From 
the employer's perspective, concerns include the cost and effort necessary to implement a 
program and the challenge of remote supervision. 

Although telecommuting is conceptually simple, it touches on many areas of life and 
raises important questions and issues for which answers are not yet available. The degree 
to which telecommuting is adopted, the specific forms it takes, and the magnitude of the 
public benefits actually obtained depend largely on attitudes of people toward their work 
and workplace, the adaptability of corporate culture, the nature of the work performed, 
and the specifics of changes in their travel behavior. Not surprisingly, there is wide 
variation among predictions of the future of telecommuting and its impacts on 
transportation. 



Current and Projected Levels of 
Telecommuting 
Telecommuting activities are often carried out on an informal basis and are not captured 
in any comprehensive statistical data base. The principal source of statistical information 
as to current practices is an annual commercial random telephone survey that explores 
aspects of working at home. In addition to that survey, several studies based on state 
telecommuting pilot programs provide insight into the suitability and acceptability of 
telecommuting for individuals, jobs, and organizations. This technical literature, which 
generally indicates a substantial increase in telecommuting through and beyond the next 
decade, provides a foundation for projections of telecommuting behavior over the next 10 
years. The margin of uncertainty is quite large; upper and lower bound projections, 
differing by a factor of two in number of telecommuters, have been developed. These 
projections are shown in the table below. 

PROJECTED FUTURE 
TELECOMMUTING 

1992 1997 2002 

Number of Telecommuters (millions) 2.0 3.1 - 6.2 7.5 - 15.0 
Percent of Labor Force 1.6% 2.3% - 

4.6% 
5.2% - 
10.4% 

Percent of Telecommuters Working at Home 99.0% 74.3% 49.7% 
Percent of Telecommuters Working at Telework 
Centers 

1.0% 25.7% 50.3% 

Average Days per Week 1-2 2-3 3-4 

Transportation Impacts of 
Telecommuting 
Potential beneficial transportation impacts of telecommuting include reduction in 
highway congestion and associated lost time, reduced emission of pollutants, savings in 
energy and petroleum consumption, and fewer highway accidents. Telecommuting is 
already widely seen as a potentially valuable travel demand management measure to 
reduce congestion and meet existing ambitious national air quality goals. 

The projections of numbers of telecommuters were combined with current travel-related 
statistics to develop estimates of transportation impacts over the next 10 years for the 
upper and lower bound scenarios. The results, presented in the table below, suggest that 
substantial benefits could be attainable by the end of this decade. These projections make 
clear that telecommuting could eventually play a significant role in addressing problems 
of urban congestion, safety, air quality, and energy use, but also indicate that it is neither 



a near-term nor complete solution to these concerns. However, the actual amount and 
impact of telecommuting in any particular region will depend strongly on travel demand 
management measures in place and other aspects of the local transportation environment. 
In some cases the transportation implications could be substantially greater than 
suggested by the table below. 

TRANSPORTATION IMPACTS 1992 1997 2002 

Saving in Vehicle Miles Travelled (VMT) 
(billions) 

3.7 10.0 - 12.9 17.6 - 35.1 

Percentage Saving in Total Passenger VMT 0.23% 0.49% - 
0.63% 

0.7% - 1.4% 

Percentage Saving in Commuting VMT  0.70% 1.6% - 2.0% 2.3% - 4.5% 
Saving in Gallons of Gasoline (millions) 178 475.9 - 619 840 - 1,679 
Percentage Saving in Gasoline 0.25% 0.6% - 0.8% 1.1% - 2.1% 
Value of Gasoline Saved (millions) $203 $543 - $706 $958 - 

$1,914 
Percentage Saving in Emissions NOx 

HC 

CO 

0.23%

0.31%

0.36% 

0.6% - 0.8% 

0.8% - 1.1% 

1.0% - 1.3% 

1.1% - 2.2% 

1.4% - 2.7% 

1.7% - 3.4% 
Annual Hours Saved for Average Telecommuter 77 93  110.3  
Total Annual Hours Saved (millions) 156 444 - 577 826 - 1,652 

Telecommuting is at such an early stage that prediction of its rate of growth and 
transportation impacts is difficult. Many factors contribute to a high level of uncertainty 
in the estimates presented above. The actual degree to which jobs, individuals, and 
employers will be suited to telecommuting is not clear. Most demonstration or pilot 
programs have been limited in scale and have involved carefully selected workers and 
managers. Directly relevant data concerning travel behavior, emissions, and fuel use are 
not available and would vary from region to region. 

The figures shown in the preceding tables do not tell the whole story. Where congestion 
is severe or strong disincentives to vehicle use are in place, telecommuting might be 
much more attractive to firms and individuals than in an "average" location. In addition, 
even a modest decrease of traffic due to telecommuting could reduce congestion 
significantly, thereby magnifying savings in time and fuel use, and reduction in emission 
of pollutants. Conversely, telecommuters who at one time commuted by carpools or 
public transportation, may now choose to drive single-occupant automobiles due to the 
reduced congestion. In the latter case, congestion reduction would be diminished, and 
transportation benefits associated with the telecommuter would be partially nullified. The 
magnitude of these factors, and the balance struck between them, will vary considerably 
from place to place. Generalization as to the net result is not possible. The benefit 



estimates shown above do not include either of these important but unquantifiable 
effects. 

Factors Affecting the Future Course of Telecommuting  

Telecommuting is not suitable to every job, person, or situation. Whether an individual 
telecommutes, and how often, are results of the decisions of employer and employee, 
made within the constraints of the existing physical and institutional environment. 
Conditions that must be met before a person can become an active home-based 
telecommuter include the following: 

• The job must be suited, at least in part, to performance at a remote location.  
• The capabilities and personal characteristics of the employee must be appropriate 

to working with little or no direct supervision.  
• The employing firm must accept telecommuting as a legitimate and desirable 

activity, provide necessary support, and have appropriate information technology 
in place.  

• The supervisor or manager of the employee must accept the concept and practice 
of telecommuting.  

• The employee must feel comfortable with telecommuting in terms of its 
suitability to his or her personal work habits and style, its effect on social 
interactions and on advancement and career.  

• The employee must have a suitable workplace and working time free of 
distractions (such as child care responsibilities).  

• Available technology, particularly telecommunications services, must be adequate 
and cost-effective for the work to be performed at home.  

While all of these conditions clearly can be met in many cases, each will filter out a 
portion of the potential telecommuting population. Some of these elements are eliminated 
or modified for the case of satellite telework centers, but implementation of centers is 
more complicated, costs could be higher, and depending on specific circumstances, 
vehicle-miles and emissions reductions could be zero or even negative. 

Even when these conditions are satisfied, telecommuting will only occur if businesses 
and workers are sufficiently motivated toward it. The local transportation environment 
will be important in establishing the level of motivation. Severe congestion, stringent 
travel demand management measures, and lack of widespread convenient public transit 
are all factors that can increase the incentive for establishment of telecommuting 
programs and participation in them. Similarly, factors affecting the cost of commuting -- 
vehicle and fuel cost, or dispersion of workers over a large area, also encourage 
telecommuting. 

The rate at which telecommuting is adopted will also be constrained by the still-uncertain 
cost-benefit implications for businesses and the pace at which employers and workers 
become familiar and comfortable with this new way of working. Employers naturally 
await more definitive evidence for claims of dramatic productivity increases. Employees 



often have initial misgivings about social isolation, being "out of the office loop", being 
at a disadvantage for career advancement, and mixing their home and work lives. Other 
concerns revolve around the process of selecting who can telecommute, remote 
supervision, and fears of some telecommuters that they must work extra hours to justify 
and protect their status. Overall, a high level of trust is required between worker and 
employer. 

In pilot programs, these potential problems generally have not proven to be serious, and 
impressive productivity improvements have been reported. However, in many of these 
cases telecommuting is practiced only a few days per week, and participants have been 
carefully selected. These programs, thus provide valuable insight and mitigate some key 
uncertainties, but do not permit firm conclusions to be drawn. 

Major uncertainties with important implications for transportation include the form and 
importance that local telework centers ultimately achieve and the degree to which 
telecommuting is center-based as compared to home-based.  

Establishment of remote telework centers is a complex undertaking that may require 
several years to come to fruition. 

Barriers to Telecommuting 
For the most part, available telecommunications services appear adequate for a large 
range of telecommuting situations. Of course, a more advanced telecommunications 
infrastructure would enable more widescale and sophisticated telecommuting to occur. 
Today, wide-bandwidth services required for video functions or transfer of very large 
quantities of data are often lacking. While this can be an obstacle to "high-end" 
telecommuting and other telework situations, availability of telecommunications services 
do not appear to constitute a serious limitation at present, although this could change in 
the near future. The need for major advances in the nation's telecommunications 
infrastructure to support general business, commercial and home uses, an explicit 
objective of the Clinton Administration, will create markets and drive development of 
infrastructure to a much greater degree than telecommuting applications. However, many 
complex and contentious regulatory and legislative issues arise in creating the 
sophisticated, efficient, high-capacity, broad-bandwidth U.S. telecommunications 
infrastructure; resolution of these issues could accelerate future telecommuting and other 
business and societal uses. 

A variety of obstacles to telecommuting are identified in the literature, including liability 
considerations, zoning and tax laws, labor union concerns, and occupational health and 
safety issues. Pilot program experiences to date suggest that none is a serious constraint 
to widespread adoption of telecommuting. Nonetheless, as telecommuting becomes more 
common, issues such as tax codes, liability, and labor laws could become more intrusive. 
Those topics and related issues will have to be addressed in a responsive and fully 



informed manner by the responsible Federal, state, and local agencies if telecommuting is 
to achieve its full potential. 

Other Telesubstitutions 
Many activities, other than commuting to work, are already affected by the availability of 
sophisticated telecommunications services and computer networks. In general, those 
services provide convenience and access, and may not significantly affect transportation. 
These effects are largely unquantifiable at present. These "telesubstitutions" include the 
ubiquitous automated teller machine (ATM); shopping by catalog and toll-free telephone 
calls, or home shopping services using cable TV; and electronic submission of tax 
returns. 

Particularly in rural areas, there is increasing interest in providing educational services 
and medical consultation via telecommunications, as well as establishing telework 
centers that might provide more and higher-paid employment than could otherwise exist 
locally. Full-time telecommuting from these regions could also favorably affect the 
character and economic structure of these areas. However, most observers find that the 
degree to which rural development in general can be stimulated in this way is likely to be 
quite limited, at least in the near term. 

Governmental Roles 
Telecommuting can lead to a reduction in the number of commuting vehicles and thus 
contribute to the attainment of cleaner air and congestion mitigation. Therefore, many 
communities view telecommuting as a transportation demand management measure and 
provide government assistance for establishing a telecommuting strategy. Federal 
assistance is also available. The Intermodal Surface Transportation Efficiency Act of 
1991 (ISTEA), Public Law 102-240, provides Federal assistance for "operational 
improvements" which include" ...transportation demand management facilities, strategies, 
and programs..." (Section 1005(f)). Therefore, ISTEA funds may be used to support the 
planning, development, and marketing of telecommuting programs designed to improve 
air quality and reduce congestion. 

Several states have established telecommuting programs for state employees and actively 
promote telecommuting in the private sector. At the Federal level, the Flexible 
Workplace Project, sponsored by The President's Council on Management Improvement, 
is testing the feasibility and utility of flexible workplace arrangements for Federal 
employees. This project, managed by the Office of Personnel Management and the 
General Accounting Office, is designed to facilitate the implementation of pilot programs 
in Federal agencies. 

The telecommunications environment for telecommuting will be significantly affected by 
the Clinton Administration's stated goal of encouraging investment in the national 



information infrastructure. The President's recently-announced technology policy 
specifically notes the importance to the U.S. economy of stimulating development of a 
broadband, interactive telecommunications network -- an "information superhighway" -- 
linking the nation's businesses, schools, libraries, hospitals, governments, and other users. 

The Department of Transportation will work with states, local governments and the 
private sector to monitor telecommuting activities, collect and analyze data and 
disseminate relevant information concerning the growth of telecommuting and its 
implications for transportation and land use. 

Future Research 
Telecommuting is a diffuse activity, not well captured in current statistics, and 
transportation impacts are unlikely to be directly measurable. Needed information, 
particularly involving transportation-related behavior, can be acquired only with a special 
effort. The Department of Transportation, working with other Federal agencies, states, 
local governments, and the private sector, will consider undertaking research, as 
appropriate, to assure that telecommuting policies and programs are based on an in-depth 
understanding of this new phenomenon, its growth and future course, and its 
transportation-related implications. 

Chapter 1 - Background 

INTRODUCTION 
Approximately 30 percent of the U.S. labor force, roughly 38 millon people, currently 
work at home at least part of the time as shown in Figure 1. While most are self-
employed or are simply working after regular hours, a growing number of them are full-
time employees who otherwise would commute daily to an office or other workplace. 
Most can be generally characterized as "information workers" in that their work focuses 
substantially on the creation, distribution, or use of information. The ability to work at 
home has in large part been made possible by corporate use of computer and 
telecommunications advances during the last several years. Sophisticated telephone 
services, personal computers linked by phone lines to central networks and data systems, 
facsimile machines, and electronic and voice mail systems have dramatically widened the 
choice of workplace for information and other workers so they can work wherever these 
tools are available, including at home. In effect, telecommunications services are 
substituted, partially or completely, for transportation to a conventional office or other 
workplace. This practice is called "telecommuting." 

As commonly used, the term telecommuting does not always imply working at home. 
Satellite or local work centers, fully equipped with telecommunications equipment and 
services, can serve the employees of one or several firms, collocated on the basis of 
geography rather than business function. In many cases, a shared facility provides a more 



practical and satisfactory environment for telecommuting than the home. Telecommuting 
is often practiced only one or two days each week, although it can be fulltime. While 
today's telecommuters are predominantly managers or professionals, many observers see 
this practice as potentially relevant to most information workers, as well as to other types 
of employees. 

Interest in telecommuting, now that the enabling technologies have reached satisfactory 
levels of cost and performance, has increased markedly in recent years. In part, this is 
because in many cases it can significantly improve the productivity and quality of life of 
employees. From the public perspective, the principal attraction lies in its implications for 
transportation and air quality. The public cost of urban traffic congestion is not limited to 
personal stress experienced by commuters and the associated delay costs and corporate 
productivity losses; commuting in general, and peak-hour congestion in particular, are 
major sources of air pollutants, energy uses, and accidents. Because of this, the Clean Air 
Act, as amended in 1990, requires stringent measures be taken in many regions to reduce 
air pollution through constraints on vehicular traffic. In addition to more familiar 
approaches such as flexible working hours, carpooling, and use of public transit, 
telecommuting is seen by many as a potentially important means of managing traffic 
demand. Other significant possible benefits include reduced national energy and 
petroleum use, fewer highway accidents, and eased transportation infrastructure 
requirements. Telecommuting can also be of great value in expanding opportunities for 
people of impaired mobility or tied to the home for any other reason. 

While the basic concept of telecommuting is simple, it touches on many areas of life and 
raises questions and issues difficult to answer on the basis of current limited experience. 
The degree to which it is adopted in the future, the specific forms it takes, and the 
magnitude of the benefits actually obtained depend not only on the technologies involved 
and the capabilities of the U.S. telecommunications infrastructure, but much more 
importantly on factors such as attitudes of people toward their work and workplace, the 
suitability of telecommuting to corporate culture, and the nature of the work performed. 
There is wide variation in predictions of the future of telecommuting and its impacts on 
transportation. 

Purpose and Scope 
This report has been prepared by the Department of Transportation (DOT), in 
consultation with the Department of Energy and the Environmental Protection Agency, in 
response to a statutory requirement to conduct a study of the potential costs and benefits 
of telecommuting, focusing on the impact of transportation on energy use and air quality. 
The report provides a description of the nature of telecommuting and estimates of its 
near-term future prospects and implications for transportation and related areas. Although 
there are many telecommuters and a substantial number of pilot projects and studies have 
been conducted or are in progress, telecommuting is still in its infancy. The 
congressionally requested estimates of the potential reduction in commuting and 
associated pollution, energy use, and lives lost, as well as other social impacts, should be 



viewed in the context of a full discussion of the many issues and uncertainties that 
surround the subject. 

Accordingly, this report addresses the following topics: 

• The nature of telecommuting in its various forms, its current extent, and how new 
uses of telecommunications will substitute for transportation.  

• The forces, both positive and negative, shaping the future course of 
telecommuting, including barriers to its growth that are within the purview of the 
Federal and state and local governments.  

• Estimates and projections of the growth of telecommuting in the next 10 years.  
• Estimates of the effects of telecommuting on transportation, including estimates 

of:  

-The amount and type of reduction of commuting; 

• Associated safety, environmental, and energy benefits;  
• Impacts on other modes of transportation; and  
• Other social impacts of telecommuting.  

Many of the studies surveyed project the numbers of telecommuters 15 to 30 years into 
the future on the basis of a high level of substitution for transportation. However, these 
long-term projections have necessarily been developed with a very limited foundation of 
data. Since this report is to provide information to facilitate formulation of government 
policies regarding telecommuting, its focus is relatively near-term - the next five to ten 
years. The principal topic of the report is the potential reduction in highway traffic 
associated with use of information technologies that permit working at home or at local 
facilities rather than commuting to a conventional workplace. Although the substitution 
of telecommunications for transportation has intriguing potential in many areas of life, in 
most other cases (telemedicine, teleeducation, teleshopping) near-term transportation 
implications are modest; the real benefits are in providing convenient and efficient access 
to various services. Those topics will be discussed briefly but will not be examined in 
depth. Although the emphasis is near-term, many of the issues raised have clear long-
term significance. 

This report is based primarily on a careful examination of the large and diverse body of 
literature on the subject, most of it produced in the last few years. The literature covers a 
broad range of applications (remote work, teleconferencing, teleservices) and issues 
(transportation, urban and regional geography, economics, management, social and 
psychological, technical). Types of publications examined include books, policy 
overviews, various academic research reports, demonstration projects/studies, expert 
testimonies, personal interviews, in-depth articles from specialist computing and 
management press, general office automation literature, futurist publications, popular 
press articles, surveys of teleworkers, and how-to manuals. The effort was initiated by a 
2-day workshop at the Department of Transportation which focused and elicited the 



views of a wide range of individuals knowledgeable in various aspects of telecommuting 
(see Appendix E). 

Historical Evolution of Telecommuting 
One of the first people to foresee the coming of "telework" (as it was termed in Europe) 
was Norbert Wiener in his landmark book The Human Use of Human Beings: 
Cybernetics and Society published in 1950. Wiener discussed a hypothetical example of 
an architect living in Europe but supervising the construction of a building in the United 
States. Using the recently introduced facsimile transmission service "Ultrafax," he said, 
"...even without transmitting or receiving any material commodities, the architect may 
take an active part in the construction of the building.... In short, the bodily transmission 
of the architect and his document may be replaced very effectively by the message-
transmission of communications which do not entail the moving of a particle of matter 
from one end of the line to the other." 

Interest in telework did not spread widely until the early 1970s, as terminal-based use of 
corporate and time-share mainframe computers became widespread. Portable terminals, 
using voice-quality telephone lines, permitted system access from any location that had 
telephone service. Gradually it was understood that telecommunications and data 
processing could be meshed into integrated systems. In the late 1970s, the French 
neologism term "telematique" (English: telematics) was coined by Simon Nora and Alain 
Minc in order to describe this growing interconnection of telecommunication and 
computers into one, integrated national and international system. Also, the early 1970s 
saw an international oil crisis, which focused critical attention on the waste of energy in 
private and public transport systems. The combination of technical potential and social 
need served as a strong stimulus for innovation. The dominant view of telework in this 
initial phase was the potential to save energy by substituting electronic communication 
for physical transportation. In 1973, Jack Nilles introduced the term "telecommuting" as 
the U.S. equivalent of "telework." 

In 1980, Alvin Toffler incorporated the idea of telework or telecommuting into his three-
phase world history, making it one of the basic elements of the emerging "Third Wave." 
In his book, The Third Wave, he predicted that the new information-based production 
system would move millions of workplaces from factories and offices back to where the 
workers had come from: the home. 

At the organizational level, many studies have forecast radical changes to existing 
hierarchical institutions. In his 1979 paper, Daniel Bell refers to the change in libraries - 
where the world's recorded knowledge housed in buildings may become only a 
monument of the printed past (Bell, 1979). Wilfrid Lancaster of the University of Illinois 
suggested the imminent disappearance of the book, to be replaced by the year 2000 with a 
computer network (Lancaster, 1982).  



A number of writers have speculated about the impact of telecommuting on the working 
community. In the early 1980s, Starr Roxanne Hiltz, put forward the concept of the 
"online community" which would gradually replace the physical office. According to 
Hiltz, these office networks can best be thought of as a new kind of social system: one in 
which the familiar social processes of the workplace and the organization are replaced by 
electronic online communities (Hiltz, 1981; Hiltz, 1984). 

In the 1970s and 1980s some writers predicted that major portions of the workforce 
would be working from home within this century. Although many of their predictions 
have been scaled back from year to year, home-based telecommuting has shown rapid 
growth in the last few years and still is widely expected to become a significant substitute 
for commuting as a result of advances in technology, lower costs, recognition of 
productivity benefits, increasing governmental encouragement, and resolution of 
numerous organizational, social, and legal issues. 

Telecommuting and Transportation 
Telecommuting is currently of particular interest to public agencies struggling to relieve 
local highway congestion and meet legislative mandates for improved air quality. For 
them, it is an important Transportation Travel Demand Management (TDM) tool -- a 
strategy that reduces congestion by eliminating a trip or shifting it out of the peak period. 
Other such strategies include car, van and bus pools, public transit, compressed work 
weeks, and flextime. 

Although telecommuting alone is not a solution to congestion and pollution problems, it 
could be important as one of several measures for addressing these problems. There is 
growing interest among planners, researchers, and policymakers in telecommuting as a 
strategy for reducing travel demand. This can be traced to several different factors: 

• For public policymakers, "telecommuting is an attractive TDM strategy because it 
supports several agendas. It contributes to policies supporting: transportation, 
energy independence and conservation, improvement of air quality, employment 
for people with limited mobility (disabled, retired, low income, single parent), 
rural economic development, global competitiveness of American business, 
effective health care management, the American family and increased community 
involvement."(1)  

• Telecommuting can be implemented now, as it does not require any additional 
planning, design, and construction lead times and it can be relatively inexpensive 
to implement.  

• Telecommuting expands rather than restricts personal choices by offering more 
flexibility in workstyle and lifestyle.  

• It addresses a variety of private sector concerns. For businesses, it offers the 
potential for improved productivity, recruitment and retention, savings in space 
costs, and other benefits.(2)  



Telecommuting and the Public Sector 
Telecommuting has found its way into a number of governmental statements and actions, 
especially as a transportation strategy, but also addressing other policy concerns. For 
example: 

• At the Federal level, the Flexible Workplace Project, sponsored by the President's 
Council on Management Improvement, is testing the feasibility and utility of 
flexible workplace arrangements for Federal employees. This project, managed by 
the Office of Personnel Management and the General Accounting Office, is 
designed to facilitate the implementation of pilot programs in Federal agencies. 
Currently with 800 participants, this undertaking has yielded good initial results in 
terms of productivity and reduced sick leave.  

• The Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) provides 
funding to States and local governments to support compliance with Clean Air 
Act and to increase the efficiency of existing transportation facilities. Since 
telecommuting can lead to a reduction in the number of commuting vehicles, it is 
considered to be a travel demand management measure eligible for funding under 
the National Highway System program, the Surface Transportation Program, and 
the Congestion Mitigation and Air Quality Improvement program. Eligible 
activities include the planning, development, and marketing of an areawide 
telecommuting strategy designed to improve air quality and reduce traffic 
congestion.  

• The 1989 Air Quality Management Plan for the South Coast (California) Air 
Basin sets the ambitious goal of reducing work trips by 30 percent in the year 
2010 through the combined impacts of telecommuting and alternative work 
schedules.  

• Regulation XV of the South Coast Air Quality Management District (SCAQMD) 
includes telecommuting on a menu of strategies large employers must use to 
decrease peak-period vehicle trips. Regulation XV is being widely studied and, to 
a certain extent, copied by other areas of the country that are out of compliance 
with Federal Clean Air Act standards.  

• Upon the successful conclusion of the 2-year pilot project for State of California 
employees, legislation was passed authorizing the establishment of 
telecommuting programs for any state agency. Following the October 17, 1989 
Loma Prieta earthquake, California Governor George Deukmejian issued an 
Executive Order which directed state agencies to include telecommuting in their 
emergency response to the earthquake.  

• In introducing the Statement of National Transportation Policy on March 8, 1990, 
President Bush said, "Sometimes the best transportation policy means not moving 
people, but moving their work...a trend known as telecommuting. Millions have 
already found their productivity actually increases when they work nearer the 
people they're really working for - their families at home...Think of it as 
commuting to work at the speed of light."  



• The State of Washington has passed legislation requiring trip reduction plans to 
be prepared at the local level. The statute sets targets for reducing commute trip 
vehicle miles 15 percent by January 1, 1995; 25 percent by January 1, 1997; and 
35 percent by January 1, 1999 (from a 1992 baseline). A bonus for work-at-home 
and alternative work schedules is built into the legislation: each commute trip 
reduced by these means "shall count ... as one and two-tenths vehicle trips 
eliminated for the purpose of meeting trip reduction goals."  

• Chapter 90-291 of the Laws of Florida authorizes the implementation of 
telecommuting programs for state agencies, citing "many documented 
benefits...including less traffic congestion and the associated reduction in air 
pollution and energy consumption, improved employee morale and productivity, 
improved ability to hire additional individuals into the workforce, improved 
ability to recruit and retain valuable employees, and reduced costs for office and 
parking space."  

• Commonwealth of Virginia House Joint Resolution (HJR) 77 requested the 
Virginia Employment Commission to prepare a report to the legislature on the 
feasibility of telecommuting. The resulting document recommended establishing 
telecommuting programs in state agencies, followed by promoting and assisting 
its implementation in the private sector. The report cited the potential role of 
telecommuting in supporting Federal-level policies such as the Clean Air Act of 
1990 and the Americans with Disabilities Act of 1989, and state-level efforts 
toward rural economic development. The Virginia General Assembly responded 
to the report by passing HJR 339, "encouraging efforts to foster and promote 
telecommuting in the workplace."  

• A number of other legislative initiatives are underway at Federal and state levels. 
Telecommuting is a recommended strategy in a variety of local and regional 
transportation plans, corridor studies, and trip reduction/mitigation ordinances, 
especially in California.(3) For example, "proposed California legislation (State 
Assembly Bill 374) would provide tax credit to employers implementing 
telecommuting programs, provided participants telecommute three or more days 
per week."(4)  

DRIVING FORCES 
Telecommuting is merely one expression of a variety of fundamental changes occurring 
in U.S. society. The adoption of telecommuting is shaped by technical, economic, 
environmental, legal, social, and demographic factors and trends. These indicators of 
telecommuting potential suggest both the limits and the possibilities of telecommuting 
activity. While influenced by many factors, it has risen in prominence primarily through 
the convergence of trends and developments in the following areas: 

• Telecommunications and Information Technology  
• The Nature of Work  
• The Workers  
• The Workplace  



• Urban Highway Congestion and Its Consequences  
• Environmental Legislation  

Telecommunications and Information 
Technology 
The rapid development of telecommunications and information technology during the 
latter part of this century has transformed many aspects of life. Live television images of 
events occurring anywhere on earth have affected our perceptions of ourselves, our 
society, and our world. In the 19th century, the telegraph, soon followed by telephone and 
then radio, introduced the concept of substituting telecommunications for transportation 
of mail and other messages. As computer technology has more and more packaged 
information in digital electronic form, telecommunications advances permit the 
convenient transmission of that information anywhere in the world almost 
instantaneously. One minor result of that revolution is that people whose work deals 
primarily with information may be able to work wherever they can "keep in touch" via 
telecommunications. While the revolution is far from complete, these technologies have 
already come to play a significant role in most business activities and in many homes. 

The telecommunications environment for telecommuting will be significantly affected by 
the Clinton Administration's stated goal of encouraging investment in the national 
information infrastructure. The President's recently-announced technology policy 
specifically notes the importance to the U.S. economy of developing a broadband, 
interactive telecommunications network -- an "information superhighway" -- linking the 
nation's businesses, schools, libraries, hospitals, governments, and other users. Funding is 
planned for the Department of Commerce to make grants to States, local governments, 
universities, school systems and other non-profit organizations to "jumpstart, the 
development of information networks. 

The Nature of Work 
A national economy that was once based on agriculture and then manufacturing is now 
dominated by service industries. Almost all business activity, including agriculture and 
manufacturing, is permeated by the creation, use, and distribution of information. As a 
result, more than half of the national workforce can be described as information workers, 
and many others spend significant portions of their time with "paperwork" and its modern 
electronic equivalents. Indeed, more and more of the documents and data that underlie 
business activities exist first and foremost as computer files, easily transmitted wherever 
they might be needed. The technology advances described above have made possible a 
high degree of geographic decentralization of work, characterized by an almost continual 
flow of telephone conversations, faxes, and overnight express packages on a national and 
international scale. Customers, colleagues, and suppliers are increasingly likely to be 
physically distant, linked by modern telecommunications and other services. One result 



of these changes is that more and more of the work to be done is of a type that can be 
performed in places where even modest telecommunications capabilities exist. 

The Workers 
As business has become more information-based, workers have found themselves 
spending more of their time interacting with computers and other information 
technologies. A substantial portion of the workforce is now relatively comfortable with 
these technologies, even in the home. It is estimated that in the United States about 57.6 
million workers (45 percent of the labor force) are potential telecommuters. No longer is 
the computer programmer the only employee spending long hours at a keyboard in front 
of a screen. But other, more important changes have also been occurring. Quality of life, 
at home and at work, has become more and more of a national concern, in part a result of 
the complexities of modern living. The size, shape, and nature of American families are 
changing; the number of two-parent families continues to decrease. For single-parent 
homes and families with both parents employed (there is a growing number of women in 
the workplace), child-care issues can greatly complicate daily schedules. Finding a 
satisfactory home at an affordable price may force a long and sometimes stressful daily 
commute, leaving little time for family or other leisure activities. In fact, many people are 
either unwilling or unable to relocate to where jobs are available. 

Further, the image of the normal worklife as 40 years in the same job followed by a gold 
watch, however inaccurate originally, is gone. A change in values has occurred regarding 
work and leisure time. This, together with mobility, changing occupations, and family 
characteristics is changing the workplace. Most workers consider themselves mobile and 
expect periodic change in employers -- as likely through mergers, corporate relocations 
or bankruptcies as through their own volition. The best employees can be retained only 
by providing a good working environment. 

One of the important results of these disparate trends is the importance that workers place 
on flexibility in their worklife, and the impact this consideration has in their accepting 
and staying in a particular job. The gradual introduction of various forms of flexible 
working hours has been a universally popular employee benefit. Another recent theme 
has been the importance of employee empowerment, recognized by the business 
community as a key element of high productivity and morale, and by the worker as 
central to job satisfaction and stress reduction. 

The Workplace 
The global nature of the modern economy has brought with it an intense wave of 
competition for all businesses, making increased productivity a prime objective. The 
business world has come to realize the importance of maximizing not just the output of 
workers, but also their creativity and the level of quality and customer service in their 
work. Retention of experienced staff is also a necessity in gaining high overall 



productivity. One of the most effective ways of achieving these results is to respond to 
the workers' desire for flexibility and empowerment in the workplace. Many full-time 
employees currently work flexible schedules or compressed work weeks; flex-staffing or 
lean-staffing is considered a responsible business approach when an organization needs 
to expand or limit its operations. Rethinking management styles, redesigning the work 
elements, and even adopting new corporate cultures is a difficult and lengthy process and 
not always successful. However, it is increasingly recognized as a part of doing business 
in the 1990s and beyond. 

Urban Highway Congestion and Its 
Consequences 
America has always led the world in its use of the private automobile for transportation, 
and has developed an unmatched infrastructure of streets and highways. It is a mode of 
travel that maximizes convenience and privacy, but it has its limits. Many urban regions 
of the country are experiencing rising peak-hour congestion. The daily commute is, for 
many workers, the most disagreeable part of their day. In addition to the delays and stress 
this imposes on commuters and others on the highways, emissions from these vehicles 
result in poor air quality for the entire region, highway accidents are a recurring event 
which worsens the congestion, and a substantial amount of petroleum-based energy is 
consumed. 

Environmental Legislation 
The Clean Air Act Amendments of 1990 (CAAA) reflect a commitment by the American 
people to achieve higher levels of air quality, particularly in the more heavily polluted 
urban regions. Deadlines are set for reduction of pollution in over 100 major cities, which 
in some cases may require actually reducing auto travel. In some localities, employer trip 
reduction programs will place part of the burden of improving air quality on businesses in 
the area. The severe challenge of achieving clean air goals forces close consideration of 
every possible means, since it is clear that no single measure, such as tighter emission 
controls, reformulated gasoline, improved transit or high-occupancy-vehicle lanes, can do 
the job by itself. The CAAA is a major motivation for public sector interest in 
telecommuting in many areas. 

The Convergence of Driving Forces 
In summary, many of the jobs now being performed are such that with little or no 
restructuring they could be performed at home at least 1 or 2 days per week. Employees 
are ready for, and even demanding, more responsibility for themselves and more 
flexibility in their lives. Technology already available makes it possible for at least some 
portion of many jobs to be performed anytime, anyplace. Businesses are seeking means 



to increase productivity and improve staff retention. Congestion worsens and the 
deadlines for air quality improvement grow near. Greater national attention is being given 
to energy conservation with particular emphasis on petroleum-based sources. 

It is not surprising, therefore, that there is a steady rise in telecommuting with an even 
more rapid growth of interest in the topic by individuals, businesses, and governments. 
Telecommuting is not the answer for every worker. Many factors bear on its practicality, 
benefits, and overall attractiveness in any given situation. However, it is clearly a 
phenomenon which will be of growing importance to the way America works and to 
urban transportation. The degree to which telecommuting is likely to be adopted and the 
benefits which might be obtained thereby are examined in the remainder of this report. 

TELEWORK - A TELETAXONOMY 

What is Telecommuting? 
The term telecommuting is attributed to Jack M. Nilles who first used it in 1973. He 
defines telecommuting as a subset of teleworking (i.e., all work-related substitutions of 
telecommunications and related information technologies for travel). Telecommuting is 
not a technology or collection of technologies. Rather, it is a work option that reduces 
dependence on transportation by exploiting information and telecommunications 
technologies. In many cases, telecommuting can be accomplished with equipment no 
more exotic than a telephone. However, it is likely that most telecommuters in the near 
future will be using microcomputers and modems as major work tools; and for some 
workers relatively elaborate and sophisticated equipment and services may be the norm. 
In most cases, workers telecommute only a portion of the time, often as little as 1 or 2 
days per week. Telecommuting does not require the active use of telecommunications 
technology in order to be practical, since workers can carry their information with them 
when they travel to their employer's office. Nevertheless, telecommunications and 
computer technologies both greatly broaden the scope and variety of tasks amenable to 
telecommuting. 

In this report the term "telecommuting" will generally be used to refer to company 
employees in any occupational group working part- or full-time during normal business 
hours, for whom the commute is eliminated, shifted out of the rush-hour period, or 
shortened through the performance of the work role at home or at an alternative remote 
location, and who communicate with the usual place of work using electronic or other 
means instead of traveling there.  

This definition excludes several categories of telework-based substitutions for 
transportation, some of which could also have significant impacts on transportation: 

• Self-employed, home-based workers, private consultants, contract workers;  
• Overtime work performed at home;  



• Field workers who travel in the course of work;  
• Other forms of telework such as teleconferencing, etc.; and  
• Geographical or functional decentralization of businesses.  

Telecommuting Frequency, Locations and 
Forms 

Full-time / Part-time 
In the popular press, telecommuting is often described as full-time home-based work 
where the worker is almost never in the office. However, current experience, supported 
by the findings and views of leading experts, suggests that most home-based 
telecommuting is only partial with time split between home and company offices, 
including creative scheduling of clusters of meetings for the office, and solo work for 
home as shown in Figure 2. Over half of all telecommuters work at home 1-3 days per 
week; the average total time worked at home is 18.6 hours per week. Of the 1991 total, 
79 percent of all telecommuters worked part-time (less than 35 hours per week) at home 
Monday through Friday. About 26 percent worked at home less than 8 hours per week. 
This profile could change eventually, but appears likely to characterize telecommuting 
for the next 5 to 10 years. 

Locations 
There are a number of feasible alternative work arrangements that provide some 
flexibility in the locational and temporal definition of work. They differ in scope and 
structure: some require a major reorganization of a number of jobs and people, while 
others, such as the home-based form, can be implemented on an individual basis 
depending on the situation. Current telecommuting is predominantly home-based, but 
many observers see telework centers as playing a much larger role in the future. 

Home-Based 
In home-based telecommuting, the employee works at home, keeping in touch with the 
main office by telephone or other telecommunications technologies. It is anticipated that 
most home-based telecommuters will work at home part-time (1-3 days per week) 
spending the rest of their work time in the main office or at other facilities. However, 
some people could be at home virtually full-time. The original sole site of telework was 
Alvin Toffler's electronic cottage or, under the opposing paradigm, the `electronic 
sweatshop' (the home, pure and simple, and full time or close to it). This option is heavily 
dependent on remote supervision. It does not provide the social interaction that a work 
center offers. On the other hand, work at home can give employees extreme flexibility in 



schedule and life style. Child care may be accommodated more easily; for many people 
with primary child care responsibility work-at-home may be the only employment option. 
It also offers employment opportunities to the elderly and handicapped. Work-at-home 
can easily be used as an option on an individual basis to accommodate a particular 
situation or need either temporarily or permanently. 

Regional Centers 
An important alternative form of telecommuting consists of working not at home but 
rather at a special-purpose telework center located relatively close to home. As usually 
conceived, the centers are equipped with sufficient office automation and 
communications facilities that they can serve as true extensions of the normal workplace. 
This approach is particularly attractive for workers who have long commutes. While 
telework centers do not eliminate travel, they can substantially reduce it. Centers are best 
located in uncongested areas or near public transit. These centers can take a variety of 
forms such as the satellite center, regional/local center, and neighborhood center. Their 
financial feasibility in various circumstances remains to be determined. There is also the 
possibility that regional center telecommuters may move even further away from their 
place of work when they are no longer commuting to the central business district, thereby 
negating many of the quantifiable benefits of telecommuting. Further, if they are not 
convenient to public transit they could increase total automobile trips. 

There are three basic variants of the telework center concept: satellite, local or regional 
centers, and neighborhood centers. For all of these, the common criterion is that they are 
close to where the telecommuters live, and the telecommuters work there instead of or in 
addition to working at home.  

Satellite Centers 
Satellite centers are facilities established by an organization to serve its telecommuting 
staff. Note that some of the staff may still have to commute several miles to get to the 
center as contrasted with travelling tens of miles otherwise. 

There has been some confusion as to what constitutes a satellite office. Mokhtarian sees a 
critical need to include in the definition of telecommuting part-time travel to closer-to-
home satellite centers, given the political reality that definitions drive whether large 
employers are "given credit" under air quality trip reduction ordinances. Guidelines 
submitted by the Los Angeles based Telecommuting Advisory Council (TAC) to the 
South Coast Air Quality Management District for determining whether a situation is a 
telecommuting center are as follows: 

· It is part of a monitored Transportation Demand Management (TDM) program. 

?· The Center is closer to employee's home than central work site. 



?· Activity must be linked to central office work, results transmitted to central office. 

· Employees must be from different companies or different units of same company. 

?· Employees may be at center full or part time, regularly, or occasionally. 

?· Supervisors' presence or absence not a criterion. 

?· No separate employee count or average vehicle ridership is required for the center 
(except for any nontelecommuting staff stationed there). 

Mokhtarian suggests two additional guidelines: location independence (the work can be 
done anywhere) and organizational structure (absence of a regular self-contained 
pyramid). 

Local Centers 
Local center facilities house any number of telecommuters from different organizations. 
Employees would share space and equipment in the work center closest to their homes. 
Thus, densely populated areas could have centers financially supported by all of the 
organizations whose employees use them. Such an option is complicated to implement on 
a large scale because it requires a great deal of cooperation among different 
organizations. The state of Hawaii is currently experimenting with a local center, as did 
Sweden in the mid 1980s. 

Neighborhood Centers 
Another variation is the neighborhood center: "minicenters," existing in large numbers, 
each serving a relatively small number of workers and located within walking distance of 
their residences. 

Jobs with Telecommuting Potential 
The most visible classes of work performed by full-time telecommuters are knowledge 
functions, sales, and marketing. The "knowledge function" or "information worker" 
category includes reading, writing, customer service, research (in books, databases or by 
telephone, along with analytic functions of many sorts, while sales functions would 
comprise calling, planning, and record keeping. Large-scale telemarketing (as opposed to 
order taking) is most often performed from "boiler rooms" and not homes, both in order 
to make the most intensive use of the voice-over data lines and to maximize 
motivation.(5) Parts of many jobs, the totality of which cannot be removed from their 
normal setting, can be isolated successfully in space and time and performed elsewhere. 



LINK Resources conducts a yearly national survey from a random sample of 2,500 
households, addressing work-at-home topics. This survey provided the data for all charts 
in this section characterizing telecommuting and telecommuters. The LINK statistics on 
Leading Telecommuting Occupations show a very high proportion of telecommuters to 
be in professions, with only 1 percent listed as clerical workers. Sales and professional 
specialty occupations constitute the leading telecommuter occupations. The list in Table 1 
is not exhaustive but suggests the broad range of jobs that could be suited to 
telecommuting: 

Table 1. Information Worker Jobs 

accountant 

actuary 

administrative 
assistant 

advertising 
executive 

agent 

analyst 

architect 

appraiser 

artist (commercial) 

auditor 

bankers 

bookkeeper 

broker 

CEO 

clerk/clerk typist

consultant 

contract monitor

computer 
scientist 

data entry clerk 

data search 
specialist 

economist 

employment 

engineer 
interviewer 

financial analyst

graphic artist 

journalist 

industrial engineer 

lawyer 

manager  

market analyst 

professor/teacher 

programmer 

purchaser 

receptionist (sending / receiving 
electronic mail) 

realtor 

researcher 

school 
administrator 

software 
engineer 

statistician 

stock analyst 

stockbroker 

surveyor 

systems analyst 

telemarketer 

telephone 
operator 

training designer

word processor 

writer 

Figure 3 categorizes these jobs and presents approximations of the percentages of 
teleworkers in each category. Certain job characteristics across all job types are suitable 
to telecommuting:  

Minimum physical requirements; 

Individual control over work pace; 



Defined deliverables; 

Need for concentration; 

Defined milestones; and 

Relatively low need for face-to-face communications. 

Telecommuter characteristics suitable to telecommuting include: Self-motivation, Self-
discipline, Specialized skills, and Ability to work independently. 

Note that characteristics of the successful teleworker and job characteristics are relatively 
independent of the technology involved.(6) 

Industry/Company Demographics 

Telecommuting Industries 
Business Services, Retailing/Wholesaling, and Banking/Finance stand out as the leading 
industries. Manufacturing, Telecommunications, and Healthcare also rank high in this 
regard for telecommuting as shown in Figure 4. 

Company Size 
Since approximately half of the U.S. workforce work for companies with less than 500 
employees, it is no surprise that the majority of telecommuters are associated with 
smaller companies. As shown in Figure 5, only 4 percent of telecommuters (45 percent of 
the labor force) work for companies with more than 1,000 employees, while 77 percent 
are employed by organizations with under 100 employees. Telecommuting in the United 
States has grown primarily from the bottom up, through individual innovation rather than 
from the top down, through large-scale organizational innovation.(7) Large, full-time, 
formal telecommuting programs operated by large well known companies are in the 
minority. Most telecommuting is strongly associated with smaller companies and 
organizations for the following reasons: 

• Organizational culture is less formal in smaller organizations than in larger ones.  
• Innovation is easier and more common in smaller organizations.  
• Standard operating procedures are less rigid in smaller organizations.  
• Staff flexibility is likely to be equally useful for the company as for the employee 

in small companies.  

Formal/Informal Telecommuting 



Formal versus informal Telecommuting is illustrated in Figure 6. The LINK Resources 
survey indicates that: 

• 21 percent of all medium / large businesses (100+ employees) support some level 
of informal telecommuting. This covers 470,000 telecommuters.  

• 14 percent of all medium / large businesses (100+ employees) support some level 
of formal telecommuting. This covers 240,000 telecommuters.  

• 65 percent do not support any telecommuting.  

Table 2. Formal / Informal Telecommuting 

 Formal   Informal  

 # 

Telecommuters 

% of 
Companies

Using 

# 

Companies

# 

Telecommuters 

% of 
Companies

Using 
Small 2.9 million 

(92%) 

13% 819,000 

(98%) 

1.9 million  

Medium 
/ Large 

240,000 

(8%) 

14% 17,200 

(2%) 

470,000 21% 

Total 3.1 million  836,200 2.4 million  

LINK's data listed in Table 2, shows that telecommuting is growing rapidly among large 
organizations with over 1,000 employees and small organizations with under 10 
employees. Informal telecommuting programs are easy to start and stop, especially if the 
proponent for telecommuting within the organization leaves. 

Technology Used by Telecommuters 
Figure 7 shows the technologies used by telecommuters. Personal Computers (PCs) are 
owned by 36 percent of telecommuter households, over twice the average for U.S. 
households. Other tools include: 

• Telephone Answering Machine - 70.4 percent (3.59 million)  
• Modems - 16.2 percent (.83 million)  
• Fax Machine - 7.4 percent (.38 million)  

The one thing that almost all (95 percent or more) telecommuters rely on is basic 
residential telephone service; 26 percent use more than one phone line; 46 percent of 
telecommuters are reimbursed by their employer for long distance phone calls. The use of 



multiple phone lines and other telephone services and devices has accelerated much faster 
among telecommuters than in the overall labor force. 

SCOPE AND NATURE OF CURRENT 
TELECOMMUTING 
The 1992 LINK resources survey estimates the number of conventional employees 
currently telecommuting at 4.2 million, up 27 percent from 3.3 million in 1991. Sampling 
error for the survey is reported to be plus or minus 9 percent.(8) This figure represents 3.3 
percent of the total U.S. workforce. However, LINK further estimates that 1.8 million of 
those employees are working at home on contract or on self-employment activities rather 
than as part of their basic job. This leaves 2.4 million people telecommuting as part of 
their regular work. Based on prior LINK surveys, this has grown from .4 million in 1990 
and 1.4 million in 1991. 

A second estimate of potential telecommuters, provided by Jack Nilles, is based on a 
1985-1986 survey, using the Blackman version of the technological substitution curve 
(Linstone and Sahal (eds.), 1976). This estimate predicts between 2.0 million (nominal 
case) and 4.4 million (high acceptance case) telecommuters in 1992 increasing to 
between 15.0 and 30.4 million in 2002. 

Telecommuter Demographics 
Figures 8 and 9 illustrate the 1991 data compiled by LINK Research's National Work-at-
home Survey which show a fairly even distribution of men (53 percent) and women (47 
percent). The typical telecommuter is between the ages of 35-37, and 76 percent are part 
of a dual career household, with a median income of 40K. About half have children under 
18 at home, and just under one-fourth have children under 6 years old. 

Telecommuting Arrangements 
Telecommuting is increasingly accepted by employers, often on an informal "off-the-
books" basis, to enable continued workforce contributions in a range of personal 
circumstances necessitating temporary part- or full-time absence from work. These 
temporary and transitional applications include maternity leave, temporary care of 
children or elderly parents, injuries and illnesses, temporary relocations, and phased 
retirements. While increasingly accepted, these are basically seen as concessions to 
valued and privileged professional staff. More permanent programs are centered around 
sales, telemarketing, customer service, and data/forms entry staff. 

For employers, telecommuting arrangements are also found helpful to make at least 
partial use of personnel away at special training and education activities, and to fill needs 



for peak part time and seasonal work. Also many companies are encouraging 
telecommuting as one aspect of the adoption by senior staff and executives of high 
tech/high performance workstyle. 

Physically Challenged 
Telecommuting would seem to be a natural approach to increasing employment 
possibilities for disabled or functionally challenged individuals. However, there is 
relatively little discussion of this topic in the literature. Only small numbers of 
handicapped persons seem to be employed, despite government programs designed to 
promote activity. LINK Resources' case studies mention some instances of handicapped 
workers, but it appears that many of these initiatives have been phased out. The literature 
mentions placement programs for disabled workers, many of which showed good 
results.(9) On the other hand, there are also reports of cases of disabled workers who 
found long hours at a terminal very difficult physically and socially isolating.(10) Many 
of the efforts for the disabled were discontinued in funding cuts that were due in part to 
the current preference of vocational rehabilitation specialists for mainstreaming. Huws et 
al. suggest that disabled workers need sociability as much as income and indicate that 
satellite or neighborhood centers would be more appropriate venues than homework.(11) 

Control Data Corporation ran a very productive program for disabled workers in which 
the only major problem stemmed from inexperienced or otherwise inadequate managers. 
A state of California project involving approximately 150 mostly professional level 
workers, which included mentally disabled workers, did find that telecommuting reduced 
commuting stress for these workers. 

OTHER RELATED 
TELESUBSTITUTION 

Incarcerated Workers 
Prison populations are becoming a regular element of certain telework schemes. Inmates 
at Arizona correctional facilities are employed as reservation agents for Best Western. 
They receive the same wages and benefits as non-prison workers and part of their pay 
goes to victim restitution as well as part to the state to pay for room and board. This can 
also be a valuable job training tool, as the company has hired 50 women after their 
release.(12) In an arrangement with the California Youth Authority, TWA routes calls 
from around the country to Camarillo, California, and provides training and geography 
classes to the students. Their compensation is the same as agents in TWA's Los Angeles 
office. 



Teletransactions  
Teletransactions include the many instances where orders are placed within and between 
businesses (or between individuals and companies, as in computerized stock trading) by 
computers over private networks or public telephone lines or, as in telebanking, by means 
of touchtone lines. As money and stocks are basically "moved" electronically, consumer 
transactions are also transformed. Teleinvesting combines access via personnel computer 
to stock quotation services with computerized order placement. The faxed transaction, 
whether used to settle insurance claims, provide documents, or buy lunch, is a more and 
more common replacement for mail, phone calls, or personal delivery of documents, 
depending on the time and space constraints of the particular transaction. "Teletaxes," a 
subspecies of teletransactions, were quickly democratized as microcomputers and 
modems entered the home and small office, a situation mutually advantageous to the IRS 
and the taxpayer as data entry is shifted out of the IRS and the taxpayer gets a speedier 
refund check. 

Other Telesubstitutions 
In addition to telecommuting, a growing number of situations are occurring in which 
telecommunications are substituted for in-person acquisition or performance of services. 
In the near term they are not likely to have a strong impact on transportation, but the 
cumulative effect could eventually be significant -- it could affect transportation directly, 
and also indirectly through its impact on land use, which affects public transportation. 
Moreover, increasing public acceptance of services that generate a broader market for 
sophisticated telecommunications services will contribute to the availability of these 
services for telecommuting. These other telesubstitutions include: 

• Teleeducation  
• Teleshopping  
• Telebanking  
• Telemedicine  
• Telejustice  
• Teletaxes  
• Televoting  

Teleeducation; Telelearning  

Teleeducation, or distance learning, involves the use of satellite, microwave or cable 
television systems to transmit classroom instructions to one or more remote locations 
(classrooms, homes, etc.). This could involve receipt of assignments and exams, 
submission of homework via screen or computer keyboard, access to electronic libraries, 
face-to-face counselling, and even participation in class discussions. Teleeducation 
minimizes commuting by students and professors and can serve students in remote 
locations and those physically unable to appear on campus. More modestly, efforts have 



been reported in congested areas like New York to replace some class meetings and in 
person conferences with telephone conferences and video presentations. Elements of 
teleeducation have entered the university generally as students increasingly collect and 
submit assignments and search library catalogues and databases from their home 
computers. 

Teleshopping  

Teleshopping is the use of computer or television-based services to purchase a full range 
of goods, including food, fashion goods, housewares, gift items, etc. Consumers view 
goods, have products delivered, make payment by direct debit or credit card, etc. While 
typically performed using television receiver and telephone, it could be accomplished in a 
direct interactive mode. Teleshopping is quite different from the premall variety of 
calling up the local grocer to deliver an order. It is typically a long-distance, 24-hour 
activity. Home shopping services using television and 800 numbers have penetrated 
certain parts of the market. Extensive computer shopping networks that allow price 
comparisons of electronics, appliances and other major goods have achieved limited 
market penetration so far, but that penetration is among an affluent and influential market 
segment. Local teleshopping services for supermarket staples are becoming common in 
Europe but have not become usual here -- these are variations of catalogue ordering 
services. 

Telebanking  

Telebanking involves the use of a computer and modem and/or touch-tone phone to 
perform financial transactions such as making direct electronic deposits, obtaining instant 
access to balance, electronic checkbook balancing, obtaining automated financial 
services, etc. Telebanking is now seriously supplementing the automated teller machine, 
and certain of these functions are now offered automatically by many banks. Transfer of 
funds between accounts, bill payment, and account information are now available as 
totally automated functions from touch-tone phones to ATM card holders, and other 
information and loan qualification services are partially teleautomated, with touch-tone 
routing to the human-provided portions of these services. 

Telemedicine and Telediagnosis  

Examples of telecommunications substitution include: medical consultation and 
monitoring; telemetric devices that monitor heart rate and other vital signs, and transmit 
the patient's information to a doctor at another location; direct transmission of data to the 
medical computer for automatic analysis; sophisticated imaging (MRI, CAT, x-ray) 
transmittable over phone line or from emergency vehicles via cellular radio; and face-to-
face counselling from the doctor at a remote location. Doctors and other health care 
professionals can gain instant access to patients' medical histories and visual records, 
simultaneously viewing information on screen and discussing it. 

Telejustice  



Depositions and arraignments can be handled through video conferencing links between 
the courthouse and prison, thus avoiding the need to transfer prisoners. 

Televoting  

Tele-voting in the sense of casting a ballot for a candidate for office has not yet become a 
political reality. For years, however, cable television and talk radio stations have used 
push-button calling to do extensive electronic polling on every conceivable subject to 
directly ascertain popular agreement or disagreement with government policies. 

Bulletin Board Services  

Computer bulletin boards have been characterized as "the 1990s answer to those mythical 
general stores of a century ago where you could find a congenial group of people gabbing 
around a blazing wood stove."(13) Some 44,000 public bulletin boards serve functions as 
diverse as publishing fiction and matchmaking. Many families are already using online 
computer services at home like CompuServe, formed in 1969, which now has more than 
a million users. Prodigy, a partnership of IBM and Sears, has 1.75 million subscribers 
who can shop, bank, make travel reservations, get stock market quotes, get updates on 
news, weather, sports and much more without leaving their homes.  

Information/Entertainment  

Examples of news/information services include the sale of news wire, stock information, 
databases, etc., as well as general or specialty news content. Entertainment services 
include pay-per-view movies, special sports programs, cultural events, pay-per-listen 
radios, and video games. Many special information services are available: opinion or 
market research surveys, association proceedings and records, minutes from club 
meetings, etc. 

TELECOMMUTING 
DEMONSTRATIONS 

Examples of Existing Programs 
Worldwide, telecommuting programs may be found in the public and private sectors. At 
least hundreds of organizations have tried or currently possess telecommuting programs. 
A selected number of examples have been presented to give a flavor of the range and type 
of existing programs. Details regarding the kinds of jobs and workers best suited to 
telecommuting, tradeoffs for employers and employees, and other aspects of 
telecommuting which have been learned from these and other demonstrations, are also 
discussed.  



Appendix C contains basic descriptions of telecommuting projects. These pilot projects 
or programs represent a sample and cross-section of U.S. organizations with employees 
who telecommute one or more days per week. The selected projects (one a pilot program 
which has since ceased) represent only a small portion of telecommuting demonstrations 
and programs. The projects were included based on their different aspects (as defined 
below) and the availability of published information concerning the project or the 
provision of information from project advocates. Great care must be used in interpreting 
the results of these and similar projects, since they are typically limited in size, duration, 
and nature, and involve carefully selected groups of employees. 

The material presented in the appendix represents public- and private-sector 
telecommuting projects. Government plays a dual role by creating telecommuting options 
for Federal-, state- and county-level employees, as well as fostering the concept in the 
private sector (see Puget Sound and California-based projects). Telecommuting, while 
often conceived and implemented by individual businesses, is also fostered by state 
governments seeking to reduce transportation problems, create new business and 
economic opportunities, or simply offer employees greater flexibility in managing daily 
schedules. For example, the Washington State Energy Office (WSEO) is working with 
other state government offices and private businesses to establish telecommuting 
opportunities for state and commercial employees as a means of reducing energy 
consumption and vehicular congestion on Seattle's highways. For information on traffic 
congestion, management, and planning, see projects based in California and Oregon. 

The telecommuting pilots and programs described in Appendix C were formally 
implemented. In most cases, participants consist of information workers, such as 
managers, administrators, and customer service representatives, who perform much of 
their work using telephone communications or computer systems personnel involved in 
programming, systems management, or other forms of data processing. Participants were 
volunteers, thoroughly screened and approved by management for participation.  

One of the richest sources of actual data on telecommuting is the California 
Telecommuting Pilot Project, which ran from July 1977, to June 1990. Actual 
telecommuting and travel behavior of over 150 state employees was monitored for two 
years, beginning in January, 1989. Many of the preliminary conclusions in this report 
concerning telecommuting and its travel impacts were derived from analyses associated 
with this project. 

Allowing employees to work at home or at neighborhood satellite operations, such as 
telework centers, are two basic options for telecommuters. WSEO established a telework 
center in Seattle where employees from various state offices could conduct business one 
or more days each week (see Washington State Telework Center). Other telework 
centers, providing an office environment, technological tools, and support, are being 
implemented in California (see Los Angeles County Telecommuting Project), Kentucky, 
and New York City. 



The reasons organizations pursue telecommuting vary. Sears instituted telecommuting to 
retain valued employees following a relocation of the work place. Some programs were 
implemented to reduce employees' costs in terms of fuel, time, and stress, while also 
decreasing the number of employees in crowded facilities. Other projects were 
implemented and maintained because telecommuting increased productivity and 
profitability. 

All the telecommuting projects sampled indicate qualitative improvements in employee 
work and home life. Productivity gains have also been studied and documented (see Sears 
"Over the Rainbow" and the Los Angeles County Telecommuting projects), as well as 
other benefits such as decreased sick leave and absenteeism. In most cases, determination 
of the level of productivity gains and other benefits to employers has been based on 
subjective surveys of employee opinion. 

Implementation / Practical 
Telecommuting 
Effective implementation of a telecommuting program involves more than just providing 
equipment and expecting benefits. Implementation can be a complex process requiring 
careful management to succeed. There are many practical and management 
considerations in implementing a telecommuting program, including planning, selecting 
jobs, selecting and training employees and managers, linking telecommuters to the office, 
liability concerns, and technical details. In the past, many such programs have failed 
because of inadequate planning and/or poor management. 

Telecommuting pilot programs have enabled organizations to assess the economic reality 
of telecommuting, to determine the benefits that can be expected from participants, and to 
review manager-employee interaction. The results of such projects have eased concerns 
by showing that potential problems can be addressed satisfactorily with proper planning. 
Pilot projects have shown that: 

• Labor concerns can be allayed by ensuring participation early on.  
• Effective management can be maintained.  
• Security risks need not be any greater than those on-site.  
• Insurance issues can be handled through telecommuting agreements.  
• Telecommuting need not affect a worker's employment status.  

Chapter 2 - Factors Affecting the Future Degree and Impacts of Telecommuting 

INTRODUCTION 
The objective of this chapter is to identify and assess issues which will determine the 
level of adoption of telecommuting. As with the introduction of any broad societal 



innovation, there are a variety of potential barriers to implementation. These barriers can 
be technological, institutional, legal, or societal in nature. This chapter outlines the major 
factors affecting implementation of telecommuting. Specific emphasis will be placed on 
topics that appear to be the greatest impediments, involve a government role, and are 
least understood. 

Whether an individual telecommutes and how often are results of the decisions of 
employer and employee, made within the constraints of the existing technical and legal 
environment. Many separate and often complex considerations can affect these decisions, 
making estimation of the future level of telecommuting an uncertain task at best. Many 
projections in the technical as well as popular literature are based on relatively arbitrary 
assumptions that the workforce can be divided into "information workers" and all others, 
and that some percentage of the information workers will telecommute. Since 
telecommuting is still at an early stage, with no large-scale, long-term experiences to 
draw on, it is difficult to go beyond this very approximate approach. However, explicit 
consideration of the principal factors bearing on employer and employee decisions is 
necessary if the assumptions are to be reasonable and credible. 

The definition of "information worker" -- someone who is primarily concerned with the 
creation, distribution and use of information -- is very broad, covering a great variety of 
activities. The implied notion that telecommuting is not relevant to people who operate 
equipment (truck driver, farmer, autoworker) or interact constantly with other people 
(salesperson, receptionist, doctor) is a reasonable starting point, supported by the fact that 
estimates exist for the number of information workers -- generally assumed to be 
somewhat more than half of the working population. 

However, the limitations of this assumption should be kept in mind. Many jobs, whether 
or not they are classed as information-related, are a mix of various attributes, which may 
be quite separable. Telecommuting is not an all-or-nothing activity. It can easily be 
practiced only 1 day per week or less, and therefore, may be well suited to dealing with 
accumulated paperwork, writing reports, reading, planning, and thinking, regardless of 
the basic nature of the job. On the other hand, some "information" jobs may be so closely 
integrated with other activities and people that telecommuting is not a viable option. 

The more critical question, often overlooked in the popular literature, is the frequency of 
telecommuting. It is not uncommon for writers on the subject to assume full-time 
telecommuting, whereas current experience suggests an average of between 1 and 2 days 
per week at home for most telecommuters. Hence, estimates of the impact on 
transportation of telecommuting can vary widely. 

The purpose of this chapter is to describe the factors that bear on the telecommuting 
decisions of employers and employees and the degree to which technical and legal 
barriers may impede telecommuting. With this foundation, a baseline estimate is 
developed of the near-term degree of telecommuting. This baseline also assesses the 
timeframe in which the projected level might be achieved by taking into account typical 
rates of adoption of technical and managerial innovations. 



PERSPECTIVES ON 
TELECOMMUTING 
The future will not simply be determined by information technology and its potential for 
transforming the nature and location of information processing work. The technology is a 
tool with many possible applications. And these applications will, in turn, only be 
adopted and implemented by individuals and organizations which can see how to 
facilitate the achievement of their own current aims. Telework will be adopted only by 
those managers who see it as a solution to their problems and workers who see it as a 
solution to their needs.(14) 

An understanding of the potential advantages and disadvantages for employers and 
employees is critical to the credibility of estimates of the number of telecommuters. The 
principal advantages, disadvantages, concerns, and issues associated with telecommuting, 
from a variety of perspectives, are summarized in Table 3. 

Telecommuting provides compelling economic and family benefits to both employers 
and employees. Experience with telecommuting projects confirms the benefits that 
telecommuting brings to employer, employee, and society. 

Table 3. Perspectives of Telecommuting 

From the point of 
view of the: 

  

Employer Advantages • Increased productivity  
• Reduced facility space and expenses  
• Labor economies, possibly via lower pay, 

benefits for workers  
• Difficult shifts covered  
• Retention of valued employees and access to 

wider (even multinational) labor pool; reduced 
retraining  

• Lower sick leave utilization; reduced health 
care costs  

• Telework can be used as a casual pool to 
protect against downswings in demand  

• Savings in relocation expenses  
• Off-hour utilization of mainframe computers  
• Savings on shiftwork, overtime  
• Improved motivation of employees  

 Disadvantages • Change in basic organizational practices 
required  



• Competition from offshore and out-of-market 
labor  

• Possible increase the need for computer 
resources  

 Issues/Concerns • Decreased productivity  
• Loss of corporate culture, deterioration of 

office environment quality  
• Trust and control of employees, including 

how to monitor  
• Worker accessibility  
• Lack of organizational experience in remote 

supervision and management by objectives  
• Union opposition / organized labor concerns  
• Security, confidentiality of property and ideas 
• Insurance issues  
• Health and safety issues  

Employee Advantages • Reduction or avoidance of commuting time, 
expense (gas, transit fees, depreciation), travel 
stress  

• Cost savings on wardrobe, parking costs, 
meals  

• Proximity to family and community  
• Autonomy and control over work conditions, 

schedules  
• Relaxation of time-space constraints of formal 

workplace  
• Improved quality of life  

 Disadvantages • Speedups and/or electronic monitoring in 
some cases  

• Forced subcontracting  
• Lack of support  

 Issues/Concerns • Exacerbation of existing family problems  
• Isolation from colleagues  
• Tendency to overwork  
• Pressure to work harder to justify 

telecommuting  
• Career sidetracking  
• Possible lower wages, benefit losses  
• Widening of money and autonomy gaps 

between sexes and classes of workers  



Table 3, continued - Perspectives of Telecommuting 

From the point of view 
of the: 

  

Transportation Planner Advantages • Reduced total and peak hour vehicle 
miles travelled, energy consumption  

• Leveling out of peak hour transit use  
• Reduced infrastructure maintenance; 

need for expansion  
• Possible mitigation of land use 

pressures  
• Mitigation of congestion and air 

pollution  
• Reduced traffic accidents and attendant 

economic and social costs  
• Possibly decreased local infrastructure 

maintenance  
• Possible positive mode change effects 

from - e.g., walking, biking for errands 

 Disadvantages * Not under the direct control of public 
agencies 

 Issues/Concerns • Uncertainty as to the magnitude of 
transportation benefits  

• Uncertainty as to whether congestion 
will actually be reduced  

• Unknown impact on car and van 
pooling and transit use  

• Possible residential relocation farther 
out  

Telecommunications  

Industry 

Advantages * Enhanced demand for telecommunications 
products and services 

 Disadvantages  
 Issues/Concerns • Increased pressures on capacity and 

capability of existing networks  
• Multinational opportunities and 

connectivity, political problems  
• Extent of government interest, 

infrastructure assistance, regulation 
unclear  

• Degree of technology that is necessary 



• Compatibility of technologies  

Society in general Advantages • Increased energy conservation  
• Control of infrastructure costs for 

construction and maintenance  
• Cleaner air  
• Less highway congestion  
• Improved highway safety  
• Contribution to healthy business 

climate  
• Stronger connections of workers to 

families (Quality of life)  
• Greater sense of community for 

employees and neighborhood residents 
• Positive impact on local businesses  

 Disadvantages  
 Issues/Concerns • Possible acceleration of downtown 

abandonments  
• Land-use / sprawl  

EMPLOYER BENEFITS AND 
CONCERNS 

Potential Employer Benefits 
The following potential employer benefits are often cited as reasons, motivations, or 
justifications for implementation of telecommuting programs. 

Improved Quality of Work Output 
Work quality can improve through faster customer processing, fewer errors, shorter 
response times for communications, and faster and more accurate responses to production 
failures. In particular, performance of creative work can benefit from the person's having 
greater flexibility in the work situation and scheduling. Quality of a workgroup's 
performance can also be affected by improved (often electronic) access to specific people 
on the team with special expertise. 

Reduced Overhead 



The potential for reducing the need for expensive central business district office space, 
greater use of computer resources, and fewer parking space requirements is very 
attractive to businesses. Office space savings amounting to between 30 and 40 percent of 
currently leased space is not uncommon. Another author suggests that office space 
savings amounting to from $1500 to $6000 per person per year is a possibility [Gordon 
1987].(15) 

Public Relations Value 
Hiring the otherwise unemployed or underemployed worker with limited mobility or 
access to reliable transportation has public relations value and also contributes to general 
societal goals such as reduced pollution, congestion, and gasoline consumption. 

Increased Productivity 
Productivity increases reported from various studies average around 10 percent to 20 
percent [Miller 1986](16), although some reports are as high as 40 percent. The literature 
reports productivity gains ranging from 15-25 percent found in a wide variety of 
telecommuting situations, even where researchers (or workers or managers) had not 
expected them, and better quality work was also reported throughout.(17) Indeed, it is 
hard to find a report or study that does not report these. On the other hand, Hartman et al. 
found that the hypothesis that greater amounts of time spent at home would mean greater 
productivity was not supported. Care must be used in interpreting the results of these 
projects, since they are typically limited in size, duration, and nature, and involve 
carefully selected groups of employees. See Table 4 for possible factors contributing to 
increased productivity. 

Table 4. Possible Factors Contributing to Increased Productivity 

Productivity Improvement 
More Hours Worked per Day 

• Some employees may work some of the time they would have been commuting  
• Less nonproductive socializing  
• No decompression time  

?· Facilitates evening, weekend work 

More Work Done per Hour 

• No interruptions/distractions (assuming appropriate telecommuting setting)  
• Work done at times which are suited to individuals internal clock  
• Moving tasks off mainframes, or shifting to off peak hours, increases productivity 

for those left on-line  



• Group norms not followed  

Less Time Missed from Work 

• Less incidental absence  
• Less sick leave  

Handling of Work Overflow and 
Scheduling Fluctuations 
Use of home-based workers can ease the difficulty of hiring, retaining, and mobilizing 
on-call workers in some areas. JC Penney finds home-based telecommuters the answer to 
fast on-call operations. The part-time workers, recruited in-house from experienced 
telemarketers, receive the same pay and benefits as on-site workers and are managed by 
phone or electronic mail and by twice-monthly visits.(18) 

Coverage of Difficult Shifts 
Similarly, unpopular shifts may be more easily filled if no travel is involved, i.e., work 
from home is possible and/or a wider labor pool is available. 

Meet Temporary Ad Hoc Needs 
The potential for meeting temporary needs using existing workforce can be maximized 
by allowing existing staff to do extra work at home. 

Cost Savings 
Cost savings could be achieved through reductions in office space and energy, and 
parking spaces. Credits may be earned under air quality and congestion reduction plans. 
However, workspace-related benefits may not be achieved for part-time telecommuters 
unless some form of office-sharing is established. 

Improved Employee Recruiting 
The option to divide time between in-house and remote work can be an important 
recruiting option where lifestyle, family, or other similar issues are vital to a valuable 



prospect. Telecommuting provides access to a larger and possibly lower-cost labor pool, 
including handicapped, elderly, incarcerated, and geographically remote persons. 

Improved Employee Retention / 
Decreased Turnover 
Many telecommuting programs have been initiated in an effort to attract and retain 
specialized talent regardless of location. Telecommuting can be a selling point for 
technical talent whose lifestyle or family needs are incompatible with daily commuting. 

It is claimed that organizations can expect to have less turnover with a telecommuting 
program. This can save a great deal; some estimate the cost of training a new employee at 
between $20,000 and $25,000. Pacific Bell has determined that recruiting and training a 
skilled programmer can typically cost $100,000 [Miller 1986](19). 

Eased Facility Moves and Avoidance of 
Employee Relocation 
When a business location is changed, the cost of relocating workers can be quite large. 
This component has been valued at an average cost of about $32,000 for home owners 
and $9000 for renters [Miller 1986](20). Others put these relocation costs at between 
$30,000 and $50,000. Telecommuting may make it feasible to move a corporate facility 
with minimum of relocation or loss of employees. 

Reduced Absenteeism and Sick Leave 
Pacific Bell reports that telecommuters exhibit 25 percent less absenteeism than do 
employees who work in their Central Business District offices [Pacific Bell 1988]. 
Telecommuters in the state of California Telecommuting Pilot Project reported an 
average annual decrease in sick leave of 1.1 days. Several telecommuters reported that 
they would otherwise have been on even more extended leave because of illness, 
maternity or parental leave. Similarly, many telecommuters report that doctor and dentist 
visits now do not require taking sick leave since they can be fit into the regular 
telecommuting schedule without reducing work time. There is a further possible gain in 
sick workers staying home and telecommuting rather than infecting others at the office. 
Also, telecommuting may allow employees with illnesses or injuries that limit their 
mobility to do some work in a comfortable home setting and to more readily "work 
around" personal appointments, deliveries, etc. 

Extended Computing Capability 



Telecommuting could allow a company to delay the lease or purchase of computers by 
shifting more of the workload to off-hours if telecommuting results in spreading of the 
workload over a longer day. 

Labor Cost Savings 
Cost savings can be achieved by removing work from metropolitan locations (for 
example, by JC Penney, who set up home teleordering operations in the Far West) in 24-
hour operations. Also, savings in overtime labor may result when additional at-home 
shifts can thus be arranged. 

Continued Operations in Special or 
Emergency Situations 
Telecommuting can be used as a tool in disaster management -- the workforce can remain 
productive while lessening the impact on the transportation system -- or when access to 
the normal worksite is impossible or impractical. Telecommuting could diminish work 
stoppages in emergency situations, earthquakes, storms, etc. Examples include the 1984 
Los Angeles Olympics and San Francisco earthquake. Pacific Bell's policy, set after the 
Loma Prieta earthquake, demonstrated the value of telecommuting in emergencies. It 
defines ground rules for what is generally part-time voluntary telecommuting, guarantees 
workers their basic salary and benefits, and the right to be evaluated on results.(21)  

Clean-Air Mandates 
Telecommuting may help business to achieve trip-reduction mandates imposed by local 
or regional agencies to bring air quality improvements. 

Employer Concerns 

Organization-level Institutional Barriers 
Lack of organizational and institutional experience of remote work constitutes a 
considerable barrier to be overcome. (22) Organizational disadvantages frequently 
mentioned in the literature include concerns that telecommuting employees will not be 
working; that employees will use proprietary information or company equipment while 
working part-time for another company; and that employees might farm out work to 
somebody else, further reducing organizational control over sensitive corporate 
information and work procedures. In addition, there are security risks inherent in 
allowing outside computer terminal access to company databases and need for 



maintenance and control of company equipment placed in employees' homes (not only 
the potential damage or abuse to equipment but also the additional insurance problems 
that arise when equipment is off-site). Other problems include determining who is 
responsible for repairing and transporting such equipment and how the employee should 
be compensated when the equipment is down.(23) 

Management Attitudinal Issues 
Many commentators believe that present organizational structures and managerial 
attitudes form a major barrier to the rapid spread of telework. Olsen states that resistance 
from managers and the strength of organizational culture are the main reasons why 
telework is still a comparative rarity (Olsen, 1981, 1982, 1983, 1988). The prevailing 
philosophy in large corporations is one of encouraging close identification with the 
company by its employees.(24) Managers worry that company loyalty will wane among 
telecommuters. 

Remote Supervision and Management 
Management of remote workers may be beyond the capabilities of managers who rely on 
frequent visual contact to reassure themselves that their staff are really working. The 
successful management of teleworkers requires trust and the development of new 
supervisory methods which are contrary to the management style currently practiced in 
most organizations. A Phillips Business Systems survey found fewer than 10 percent of 
managers in favor of telework, while 60 percent were opposed, saying that they needed 
the interaction of individuals in offices to work effectively. In a University of Minnesota 
study, 53 percent of the managers said they thought that telework was difficult to 
manage. This was perceived as the greatest problem posed by telework to 
organizations.(25) 

A major deterrent to telecommuting is resistance to change on the part of managers. Of 
particular importance is the attitude that effective management requires large amounts of 
direct visual observation and/or frequent face-to-face contact. Because of the loss of 
ready visual cues managers must move from a process to a product orientation when 
dealing with their subordinates; they must be significantly more concerned with 
identifying and negotiating for specific results than monitoring work activities. It appears 
that management apprehensions about loss of control and unrewarded effort are currently 
the pacing factors in the adoption of telecommuting.(26) 

On the other hand, Niles states that none of these "resistance factors" appear sufficient in 
itself to act as an absolute barrier, although the combination of factors can be, and has 
been, a significant deterrent to telecommuting. Many of the resistance factors appear to 
be steadily diminishing in effect as more experience (hence confidence) both with 
personal computers and with telecommuting is accumulated.(27) 



Based on studies conducted in California, the potential negative effects of managerial 
resistance have been demonstrated to be real and of concern. Telecommuting can 
highlight both the strengths and weaknesses of existing management practices, and more 
specifically managers. Good workers and managers thrive, poor workers and ineffective 
managers resist change and stand in the way of implementation.(28) Training for both 
employees and managers can help overcome these issues. 

Organizations wishing to institutionalize telework are required to find innovative 
solutions to completely new organizational problems, such as the supervision, 
coordination, and motivation of a dispersed workforce; challenges to traditional 
hierarchical functions and to the principle of authority; finding ways to bypass the role of 
middle management; and other problems of communication, dialogue, feedback, and 
loyalty to the company. Improved technology and an advanced network infrastructure can 
help this transition. For example, affordable and readily accessible video conferencing 
capability would enable employers and employees to interact in relatively traditional 
ways, wherever the worker might be. Nevertheless, telework requires a management 
system that supervises the output (results of work) rather than the input (ways of 
working, working time, etc.), concentrating on decentralization and involvement rather 
than centralization and control. Assuring motivation and accountability will be more 
difficult.(29) 

Potential Employer Disadvantages 
There are also costs and potential disadvantages to the employer in supporting a 
telecommuting program. Principal possible disadvantages discussed in the literature are 
identified below. 

Security Issues 
Security and confidentiality issues present many challenges: lack of institutional control 
over the workplace and the greater use of technology will increase the risks of theft, 
forgery, and untimely disclosures.(30) 

Data security has been cited as a major problem for some firms, while other business 
people deny that it is a problem. As recent "computer virus outbreaks" illustrate, a lapse 
in computer security is like an illness; once it happens, it can be a serious problem. 
Otherwise, one doesn't think much about it. Security systems, which include passwords 
and other techniques, are improving rapidly and much can be done (at a price) to solve 
this problem. 

Reduced control over sensitive corporate information, work procedures, and security 
risks are frequently mentioned as barriers to telecommuting.(31) This can be dealt with 
by taking steps to assess and upgrade the current security program; identify incremental 
risks; and improve monitoring and control. Security is based on four main principles: 1) 



adequate hardware and software controls; 2) sound employee selection criteria; 3) 
management control and audit; and 4) password control (including the use of a hierarchy 
of passwords to limit access).(32) Implementing these controls will greatly reduce the 
risks. Legal sanctions to make unauthorized access a crime are also important. 

It is unknown to what extent security concerns may have prevented the adoption of 
telecommuting in some quarters. In theory, stealing, corrupting, or destroying 
confidential information in computerized form ought not to be much easier from home 
than from the office. A double password implemented in software, and a host-to-remote 
terminal callback procedure satisfied the concerns of IBM executives about placing 
terminals in remote locations and was adopted by most of their Information Services 
departments; the capability was enhanced during the experiment: a handshaking system 
to identify the remote terminal and requester, and encryption were added.(33) Although 
this was not a telework study, most programmer and information system user comments 
addressed not having to make extra trips to work to take care of problems occurring off-
shift. 

Security techniques require a review and evaluation of each specific situation -- who uses 
the computer, what software systems are in operation, and so forth -- in order to select 
appropriate techniques. These may involve a hierarchy of passwords, procedures for 
changing and assigning passwords, formulating company policy, and increasing user 
awareness of the need for precautions. 

Currently, computer crime legislation is focused on information that is accessed, stolen, 
or manipulated. The Data Processing Management Association (DPMA) adopted a model 
computer crime act in 1987 to guide state legislators in developing new laws. 

Startup and Operations Costs 
The cost of implementing telecommuting can include (1) equipment purchase or lease, 
particularly telephone lines and terminals or personal computers, and sometimes office 
furniture; (2) satellite or neighborhood work center setup; and (3) manager and employee 
preparation and adjustment, such as training programs and installation of enhanced 
communication facilities. Overall, costs per telecommuter can range from a high of 
$6000 or more in initial one-time setup costs and $200 per month for administrative 
overhead and services [Miller 1986](34) to as low as $100 to $200 in setup costs and $50 
to $100 monthly for other costs. 

Less Employee Loyalty 
Some managers are concerned that the telecommuter will have less company loyalty and 
be more like a freelancer. 



The Business Firm Might Look Less 
Credible 
The company "uniform," the corporate headquarters, and other symbols of the company's 
stature may be important for business. Telecommuters working at home or at a satellite 
center may not enhance that aspect of the company's image. 

A Change in Managerial Style May Be 
Required 
While some supervisors feel that managing telecommuters is no different from managing 
in-office employees, others report that it is more difficult, for example, in the areas of 
assessing job performance, communicating, and maintaining a sense of teamwork. 

Numerous writers on the subject of telecommuting have pointed out that the resistance of 
managers (especially midlevel managers) to telecommuting is one of the chief obstacles 
to its implementation. 

EMPLOYEE BENEFITS AND CONCERNS  

Potential Employee Benefits 
The following potential employee benefits are often cited as reasons, motivations, or 
justifications for employee participation in telecommuting programs. 

Decreased Commuting Time, Work 
Expenses and Stress 
Some telecommuters may work fewer days, while others use telecommuting to enable 
them to commute at times when the highways are less crowded. Gas, transit taxes, and 
depreciation decrease, while cost savings are likely for wardrobe, parking costs, and 
meals. 

Increased Flexibility of Schedules 
Telecommuters are better able to coordinate their work schedules to accommodate family 
responsibilities, although telecommuting is not a substitution for child care. People are 
able to work more often when at their peak hours of mental alertness. 



Improved Work Environment 
Workers experience fewer distractions, less environmental noise, and less job-related 
stress. They are able to avoid office politics and exert control over their physical 
environment, e.g., adjusting the temperature to their liking. 

Greater Job Responsibility and 
Autonomy 
Workers may be more in control, with a feeling of being "their own boss." 

Increased Employment Opportunities 
Telecommuting may be the only means of acquiring a job for the mobility-limited or 
handicapped. A number of programs have been aimed at these groups. 

Stronger Family Ties 
Telecommuters may experience increased satisfaction with home life, enjoy more time 
with their families, and feel in closer touch with the world outside work. Many may 
prefer to work at home because they need to care for a child or old person. 

Employee Concerns 

Isolation 
The social aspects of work can be major inducements to go to the office. Several writers 
have dismissed home-based telecommuting on the basis of this consideration alone, 
making the unwarranted assumption that telecommuting is an "either/or" proposition. 
Nonetheless, home-based work is solitary work, and not every employee can cope with 
the reduction of personal interaction.(35) Social and professional isolation of teleworkers 
has frequently surfaced as a potential problem. 

• A Diebold survey found that 56 percent of teleworkers surveyed mentioned social 
isolation as a disadvantage, a proportion that rose to 70 percent among women in 
the survey (Diebold Group, 1981).(36)  

• A survey in the United Kingdom in 1983 reported that 60 percent of teleworkers 
named isolation as the greatest disadvantage. 22 percent found it such a problem 
that they would prefer to work in a satellite office or neighborhood center.  



• An extensive 1987 Hudson Bay survey found that the majority of interviewees 
would miss the stimulation of exchanging ideas with colleagues.  

Isolation is not a necessary by-product of home-based telecommuting. Employers can 
minimize or overcome this problem by developing schemes that enable teleworkers to 
maintain contact with the parent company, by means of frequent meetings, briefings, 
social functions, etc. A certain amount of social interaction is facilitated by a computer 
network. Neighborhood centers and satellite offices can offer a high level of interaction. 

It should be noted that most of the negative evaluations of this nature, and others that 
report social isolation for single people, the handicapped, etc., typically are from studies 
of full-time, home-based telecommuters rather than split week or satellite office 
telecommuters. 

Career Advancement 
"Out of sight, out of mind" is a serious concern of many workers. Telecommuters often 
fear a loss of workplace visibility, and a threat to personal and professional advancement 
through missed opportunities.(37) Employees are also apt to feel that if they spend too 
much time out of the office, it causes resentment among fellow employees.(38) Another 
possible disadvantage for the individual employee is the reduced opportunity to become 
involved with coworkers and the informal communication network at the office.(39) 
Indeed, being "out of the loop" can be a real problem in a work culture which draws 
strongly on informal contact. 

A related concern is that the telecommuter may be handicapped in developing knowledge 
and skills in the job that lead to wider responsibilities for work and the management of 
others. 

Performance Appraisals 
Just as managers must come to terms with new and more complicated performance 
appraisal situations, employees may fear that their supervisor will not meet that challenge 
fully so that their evaluations will suffer. It is a reasonable fear that if the supervisor is 
more distant from performance of the work, he or she may be less able to appreciate the 
obstacles or complications which impede progress or limit quality. 

Support Services 
Many information workers make frequent use of various technical support services -- 
documentation, graphics, clerical, library, etc. In principle, careful scheduling of 
telecommuting days, good planning, and exploitation of facsimile transmission, voice 
mail, and electronic mail, and linkage to computer networks should prevent significant 



diminution of support. However, for workers accustomed to having these services 
constantly at hand, the adjustment can be difficult and even threatening. Lack of clerical 
support or equipment maintenance may cause uneasiness about equipment or software 
failure. 

Job Satisfaction 
Whether the consequences of telecommuting are positive or negative depends upon the 
worker, what type of telework is involved, where it is performed, and under what 
contractual agreement. Autonomous professionals have their autonomy reinforced by 
working at home, while clerical employees regulated by control measures can find their 
autonomy reduced still further vis full-time permanent employees. 

Evidence for increased or decreased job satisfaction, quality of life, promotion potential, 
and supervisory support is ambiguous, and the various worker satisfaction measures do 
not correlate significantly with productivity.(40) Studies of homework and family 
relationships have found that these linkages are important but not easy to analyze and in 
need of further study. The literature suggests that telecommuters from government 
agencies report greater satisfaction and productivity gains than those of private 
employers. No significant correlation was found between gender, age, or educational 
level and telecommuting satisfaction or productivity, and their studies showed that the 
evaluation system and level of supervisory support (emotional and technical, including 
equipment, software, etc.) were important to satisfaction. 

Kathleen Christensen, director of the National Project on Home-Based Work at the 
Graduate Center of CUNY, notes that the home work environment can turn employees 
into lonely contract workers, without fringe benefits and job protection, and speeded up 
past endurance.(41) She feels that disabled workers, elderly and rural residents, and other 
classes of people without options can be caught in traps that belie the favorable popular 
images of telework. 

Lotte Bailynn cites earlier work by Pratt, Olson and Ramsower in support of the 
"segmented nature of the work-at-home option" insofar as it involved the vulnerability of 
women doing clerical work as an alternative to no work, in contrast to part-time male 
telecommuters who were usually men with scarce skills(42). Bailynn also studied (1987) 
55 workers in a largely female formalized home-based workforce in the United Kingdom, 
and compared them with 55 office-based systems developers from a different unit of the 
same company. The design of this analysis allowed for differences in gender, in roles, 
technical or managerial, and in family status. Less difference between managerial and 
technical roles was found in the home-based group, and less compartmentalization of 
tasks; but even in this relatively privileged population, with full benefits and high skill 
levels, the women assessed their situations as much better than not working at all, but as a 
conscious sacrifice of money and power for family values. Male telecommuters have 
reported improvements in their family and leisure lives, while women clerical workers 
have often experienced greater stress and less leisure.  



Overworking 
Telecommuters have complained of working too many hours and of "not knowing when 
to quit." Anecdotal accounts also describe many telecommuters as "workaholics." 
Workers say this is a factor that they could control if they chose to. However, it is 
possible that pressure from their organization, perhaps in the form of competition with 
peers for promotion, is the cause of "working too much." Related to the problem of 
working too much are telecommuters' reports of "less time to myself" and "less time with 
my family." Many telecommuters found it "hard to separate personal and work life." 

Work Style 
The notion of telework has absorbed a great deal of societal anxiety about changing work 
and family roles, so that it is not surprising to find polarized views of effects on 
workers.(43) Both information and relationships change with distributed work settings, 
e.g., E-mail conveys information with a different tone and disseminates it more quickly 
than face-to-face or phone contact. 

Workers may find it difficult to abandon a "familiar" working environment to face the 
challenge of new social and personnel arrangements.(44) Some individuals are much 
more comfortable dealing with others on a face-to-face basis, perhaps emphasizing casual 
or informal contacts, than in the more structured style imposed by telephones and 
messages. While concerns based on matters of personality can often be alleviated with 
time and experience, there will be workers for whom these characteristics determine 
whether telecommuting is appropriate, and if it is, what form and frequency it should 
have.  

Work/Life Boundaries 
Blurring of the boundaries between work and personal life is a concern for many 
telecommuters. According to U.S. TeleCenters (a Boston-based distributor of 
telecommunication equipment), telecommuters often work 7 not just 5 days a week from 
"9 to 5". Some telecommuters work too much; they become unable to walk away from 
the home office in the evenings and on weekends, which eventually can lead to 
burnout.(45) This effect can be intensified by a desire to justify telecommuter status be 
achieving higher productivity. An A&T Bell Laboratories test also identified the lack of 
clear separation between work and home life, and the loss of casual office interactions as 
problems.(46) 

POLICIES OF GOVERNMENT 
AGENCIES 



Governmental entities are initiating policies to reduce transportation social costs and 
inducing organizations to adopt programs to decrease the number of trips made by their 
employees. In some areas, these policies include an extra bonus for trip reductions 
obtained by telecommuting. By using these types of regulatory devices, government can 
exert some influence on the level of adoption of telecommuting by individuals. However, 
the language of legislation can operate as a barrier to the development of useful 
telecommuting schemes that do not fit its definitions since companies are constrained 
from attempting innovations that do not meet the law.(47) 

TECHNOLOGY AVAILABILITY 

Potential Technology Barriers to 
Telecommuting Growth 
Until recently, the technology required for effective telecommuting was limited in 
capacity.(48) However, it appears that few telecommuting applications today are 
hampered by the lack of suitable technology, although in some cases it may not be cost-
effective to use.(49) For example, videoconferencing systems are available but high cost, 
bulkiness and technical limitations hamper use in remote work. An on-site meeting with 
employees would be more cost-effective. 

The reduction in the costs of electronic equipment has not been matched by a reduction in 
the cost of telecommunication charges, which are still often based on volume, thus 
discouraging the diffusion of telework.(50) The most significant lags at present are in 
telecommunications software and network interconnectivity.(51) Different networks are 
not always compatible and their integration is difficult to achieve.(52) The National 
Telecommunications and Information Administration (NTIA) of the Department of 
Commerce has determined that a key pacing factor in the deployment of broadband 
communications and other technologies that will expand opportunities for telecommuting 
in the years ahead is the adoption of standards that all manufacturers and service 
providers can follow.(53) The Clinton Administration's strong support for advancing the 
nation's information infrastructure will inevitably strengthen the technical foundation for 
telecommuting and focus attention on a wide variety of tele-substitutions. 

Views differ as to whether the current telecommunications infrastructure can support 
broad-base telecommuting. In his testimony before the Subcommittee on 
Telecommunications & Finance in July 1992, Dr. Charles E. Grantham, University of 
San Francisco, stated technology is not the barrier. The technological base necessary to 
support the emergence of the electronically distributed work place is largely in place. 
Appearing before the same Subcommittee, Mr. Charles Oliver, Senior Policy Advisor, 
NTIA, U.S. Department Of Commerce, presented an opposing view. Mr Oliver testified 
that the telecommunications infrastructure is not always available to support 
telecommuting. In his testimony, he stated that the practicality of telecommuting is 



heavily dependent on the kind of telecommunication infrastructure that is locally 
available. Clerical work and routine conversations can be accommodated over existing 
networks, provided that adequate switching capabilities are provided. But even so 
fundamental a service as switching does not meet every employer's needs. For example, 
Blue Cross/Blue Shield was unable to locate a 150-person claims processing office in 
Willows, CA, because the local telephone company's switch was incapable of handling 
high-speed data communication from desk-top computers. For Blue Cross/Blue Shield 
and many other employers, remote work sites are practical only if linked with efficient 
communications. Although this example does not involve telecommuting, the situation is 
basically analogous to that of a telework center. 

Mr. Oliver also stated that some companies preferred face-to-face conversations. 
Videophones could provide a medium for many such interactions; however, the existing 
telephone network is not able to support ubiquitous, high-quality videophone service at 
an affordable price. 

Also appearing before the Subcommittee on Telecommunications & Finance was Mr. 
E.M. Risse, Coprincipal, Synergy/Planning, Inc. Mr Risse testified that the 
telecommunications infrastructure, while of critical importance, is the easiest and the 
cheapest type of infrastructure to place in the urban region. He commented that the 
growth of telework and telecommuting is primarily an organization, culture, and 
perception issue, not a technology or telecommunications issue. In over 20 years of 
working with these concepts, Mr. Risse has not encountered a significant technological 
limitation of telework/telecommuting. 

The cost of telecommunications services has not declined to the extent that equipment 
cost has, and network incompatibilities and the difficulty of setting up wide-area 
networks are still barriers.(54) As yet, no truly global and transparent data network exists, 
while at the low (small company) end, cost, pricing, and features incompatibility are still 
factors.(55) The 1990 LINK case studies report suggests that the cost of technology is 
rarely a factor. LINK found that dirty or overloaded lines have been a problem in some 
geographic areas. 

The slow pace of technology standards agreement and adoption could be a deterrent to 
the growth of telecommuting. Electronic mail is one example of a technology that comes 
in many "flavors," mostly proprietary by vendor. The only international standard is the 
CCITT X.400 messaging system that is very slowly gaining acceptance and being 
integrated, in many cases by fiat, in large companies and governmental organizations. 
Many other not-yet-standardized technologies, such as forms, database query, and 
distributed transaction processing, constrain telecommuting because of the lack of 
standardized, low-bandwidth, reasonably priced services. 

As suggested by the above discussion, the question of whether limited 
telecommunications services currently are a serious impediment to telecommuting is 
approached from widely divergent viewpoints. Some individuals in the 
telecommunications community, acutely aware of the high level of functionality 



potentially available in a home office using today's sophisticated technology, see 
inadequate telecommunication services as a serious impediment to telecommuting now 
and in the near future. 

On the other hand, those in the telecommuting world looking at the tools needed to 
implement realistic programs often have a different view. They tend to see the technology 
as largely satisfactory, with the real barriers residing primarily in the guarded response of 
employers and workers to a major change in the way work is done, and to legitimate 
concerns over potential disadvantages and uncertain benefits. While desktop computers 
now pervade much of the business community, the great majority of office applications 
are relatively "low-tech," primarily word processing. Even effective electronic mail and 
networks for document sharing are far from ubiquitous in American business. Thus, it is 
not clear that large numbers of people are prevented from telecommuting merely by 
telecommunications limitations other than in localized situations. Indeed, the LINK 
Resources study indicates that many telecommuters do not even have computers at home. 
For many workers one of the advantages of telecommuting occasionally is to work 
undisturbed. As advanced telecommunications and computer applications become more 
fully integrated into corporate America, similar capabilities will be needed to support a 
growing portion of home workers. The near-term (5- to 10-year) importance of video is 
not clear. From a longer time perspective, it is likely that high-bandwidth video service 
will be of great importance to the entire economy, and telecommuting and telework 
generally will be a modest but important element of a much larger and very demanding 
telecommunications market. 

Regardless of whether one believes that the current telecommunications infrastructure is 
sufficient at present, two points are clear. First, current technology allows many people to 
telecommute successfully today. Second, the deployment of a nationwide broadband 
network would make it easier to telecommute in the future. 

REGULATORY, LEGAL, TAX, AND 
OTHER INSTITUTIONAL 
ENVIRONMENT 

Legal and Regulatory Issues 
Telecommuting touches on many different areas of the law, some of which are extremely 
complex and will require test cases to be brought before they can be unambiguously 
clarified.(56) It is possible that a general lack of clarity about the legal status of 
teleworkers may have acted as a deterrent to setting up telework schemes in some 
cases.(57) However, it seems unlikely that legal prohibitions will be brought into effect 
which will restrict the growth of home-based telework.(58) 



Zoning Restrictions and Planning 
Regulations 
There are several potential regulatory barriers to home-based telecommuting, the most 
important of which are local zoning codes that prohibit home-based work. The city of 
Los Angeles is modifying zoning laws to promote telecommuting. Los Angeles also 
specifically includes telecommuting as a congestion reduction option for prospective 
developers of large office buildings. Other regulatory options being proposed to 
encourage telecommuting are mandatory parking fees for workers and preferential 
business telephone rates for telecommuters and/or their employers.(59) 

Zoning laws and regional development regulations can influence the nature of telework 
development. Some cities have laws prohibiting home-based work of any type.(60) 
Zoning restrictions in most counties limit the use of the home as a work place, but 
telework might easily go undetected.(61) 

The deterrent effect of zoning regulations on telework is difficult to quantify. Planning 
regulations tend to be extremely complex, varying considerably from one locality to 
another both in their content and in the degree to which they are enforced (Holden, 1984; 
Bureau of National Affairs, 1986; Gordon & Kelly, 1986).(62) 

Only one example was found of a situation where zoning rules have posed problems for 
teleworkers. A particularly strict Chicago zoning ordinance was invoked to stop a teacher 
and his wife from writing a textbook or developing software programs on the home 
computer (Rubins, 1984).(63) Should telework become widespread, changes in zoning 
laws will undoubtedly be required. In the meanwhile, these cannot be regarded as a major 
constraint on its development.(64) 

Tax Implications 
Current tax laws and regulations are not conducive to telecommuting and may need to be 
changed to encourage the widespread adoption of telecommuting. By narrowly defining a 
"home business," income tax regulations discourage using the home as a workplace. 
Individuals may deduct expenses for a home office only under very restrictive 
circumstances. According to IRS guidelines, "regular" work is allowed but "occasional" 
work is not. 

Existing state tax laws are also a barrier to cross-state telecommuting. A telecommuters' 
work may subject an employer to state corporate franchise taxes. Ohio's corporate 
franchise tax was applied to an Indiana-based employer on the basis of one 
telecommuting employee who lived in Ohio.(65) Although the telecommuter was the 
only employee working in Ohio, the corporate franchise tax was assessed on the percent 
of total corporate sales made to Ohio addresses.  



State income tax laws also create potential problems. For example, New Jersey and New 
York state income taxes are based on where the work is actually performed, requiring 
employers to modify payrolls systems to record where the telecommuter worked each day 
and withhold New York and New Jersey income taxes accordingly. 

New Jersey also requires New York firms employing New Jersey residents as 
telecommuters to register with New Jersey to perform business in the state when the work 
being performed would not normally require registration. 

Liability/Insurance 
The question of insurance is closely connected with that of contractual status. Employees 
can expect their health insurance contributions to be paid by their employers, who are 
also responsible for employee liability, personal injury, and other types of insurance. In 
cases of self-employment, these become the responsibility of the individual 
teleworker.(66) The responsibility is less clear-cut in other cases, and much depends on 
individual contracts and the small print of particular insurance policies. Some questions 
which need to be asked are: who should be responsible for the loss or damage of data or 
equipment used in telework? Who should be responsible for injury to third parties caused 
on the teleworker's premises? Who is insured for delivery and pickup of work? (Gordon 
& Kelly, 1986) There is no case-law in these areas so the answers must be speculative. In 
only one case, involving telework for the US Army, have insurance problems appeared 
sufficiently adverse to affect the outcome of the scheme. Here, government liability, 
protection of government property, and workmen's compensation were all perceived as 
problems. Along with security difficulties, these led to the discontinuation of the project, 
despite the development of a "hold harmless" agreement absolving the government of 
responsibility, which all teleworkers were required to sign (McDavid, 1985).(67) 

Health and Safety 
As with insurance, legal responsibility for health and safety of teleworkers will vary 
according to their employment status. Telecommuters, if true employees of the company, 
are covered by the Occupational Safety and Health Act (OSHA), but in practice, effective 
implementation is virtually impossible (Bureau of National Affairs, 1986). Telework 
contracts/collective agreements sometimes have provisions requiring inspections and 
covering all aspects of homework, including safe and comfortable working conditions in 
the home, and realistic work standards. However, adequate levels of safety and health 
protection for teleworkers may be jeopardized by the difficulties in carrying out 
inspection.(68) There is no evidence that the fear of becoming liable for industrial 
injuries or diseases is currently a deterrent to the employment of teleworkers. However, 
in the United States, there is a fear that the enactment of legislation to regulate the use of 
Video Display Terminals to minimize health hazards would restrict the development of 
telework. It would become very difficult for employers to ensure compliance at remote 
sites (Gordon and Kelly, 1986).(69) 



Protection of Workers' Rights / Union 
Opposition 
Telework at home has generally been regarded negatively by trade unions. Telework was 
initially perceived as a modern form of industrial homework, which is traditionally 
associated with low wages and substandard working conditions. Trade unions fear the 
fragmentation of the workforce with the consequent isolation of teleworkers, making 
them particularly vulnerable to exploitation and at the same time difficult to organize. 
This apprehension resulted in the adoption of positions opposing telework, with some 
unions calling for its prohibition. However, given the attractiveness of telecommuting for 
many workers, it appears that this issue can generally be resolved by good-faith efforts to 
address the real concerns. 

Regulation / Banning of Homework 
There are no current Federal restrictions on work at home except for a few garment 
occupations under the Fair Labor Standards Act (FLSA). However, in some states there 
exists partial or total bans on employment of home-based workers to carry out certain 
types of work (frequently garment making or other forms of manufacture associated with 
the traditional sweat shop trades). Even where these are not prohibited, they may be 
governed by regulations concerning minimum wages, leave provisions, and health and 
safety practices.(70)  

Protective legislation concerning the length of working time is very difficult to enforce 
for teleworkers, who may have difficulties trying to combine family and work duties. 
There may be pressure to work at night or on the weekend or for prolonged periods in 
order to met deadlines. Overtime, perhaps without compensation, may be habitual and 
may take the form of individual, quite substantial work just to complete the "extra bit" 
which is required. At the same time, teleworkers may be asked to be on standby or work 
overtime during peak periods, while being paid only for the hours actually worked.(71) 

In recent years, a highly polarized debate has grown concerning the question of 
deregulation. On the one hand, the AFL-CIO has called for a total ban on electronic 
homework for clerical-level workers (National Research Council, 1985; Peles, 1985). In 
1983, the AFL-CIO and the Service Employees International Union called for "an early 
ban on computer home work by the Department of Labor as a measure of protection for 
those workers entering the fastest-growing occupation in the United States." It argued 
that "homework has historically led to worker exploitation," and that "the piecework 
nature of computer work increases the risk of employee exploitation." It claimed that 
"leaving the home computer industry unregulated will have a devastating impact on the 
well-being, wages, hours, and working conditions of homeworkers. Moreover, the 
enforcement of wage, hour, and safety standards in the home is absolutely 
impossible."(72) On the other hand, there have been various attempts to repeal what legal 



restriction currently exists. Particular controversy surrounded the celebrated "Vermont 
Knitters" case, when a group of would-be home-knitters who had successfully applied to 
the Labor Department to have the proscription on home work lifted found themselves 
opposed by the International Ladies' Garment Workers Union, supported by unions and 
some state officials (Beck, 1984). In 1986, the Department of Labor proposed lifting the 
ban on homework, a proposal which was opposed by the garment industry unions. In the 
same year, New York moved in the opposite direction by instituting a new law designed 
to crack down on sweat shops and illegal industrial homework. White collar homework, 
however, would be unaffected. (Bureau of National Affairs, 1986).(73) 

Contractual Relationships / 
Compensation and Benefits Issues 
The fear of loss of employee status occupied a central place in trade union arguments 
against telework. Some companies have identified their teleworkers as independent 
contractors to reduce expenses and avoid the costs of employee benefits. These 
contractual relationships between a company and its employees stating whether the 
teleworker is an employee or independent contractor can create legal problems. U.S. case 
law suggests that the critical factor in deciding whether or not a worker is an employee is 
the degree of dependence on the supplier of the work. The criteria used for assessing this 
can be summarized as: 

• The degree of control over the work;  
• Opportunities for profit and loss;  
• Whether risk capital is supplied;  
• The degree of permanence of the relationship; and  
• The amount of skill and initiative contributed by the worker (Elisburg, 1985).  

To date, there have been only two reported cases of teleworkers taking legal action in an 
attempt to establish employee status. In one case, eight home-based claims examiners 
sued California Western States Life Insurance Company, charging that the company's 
claim that they were independent contractors was incorrect. The case has not been 
resolved. In the second case, the Department of Labor brought suit against Dial America 
Marketing. The U.S. Court of Appeals for the Third Circuit found that the home-based 
telephone number researchers were not independent contractors but employees subject to 
the minimum wage and record-keeping requirements of the Fair Labor Standards Act 
(Bureau of National Affairs, 1986).(74) 

On the whole, this is an important factor affecting the income of teleworkers since 
companies tend to provide the necessary equipment for teleworkers. However, some 
teleworkers, often freelance workers, have to purchase or hire their equipment.(75) 
Overtime compensation, an important consideration in the computer industry, is also an 
issue. 



The greatest problem for management is that they do not want to acknowledge that the 
relationships fostered are more like customer to contractor than boss to employee. The 
reverse side of this coin is that companies switch workers to independent contractor 
status, or contract out otherwise to keep costs down by denying benefits.(76) On the other 
hand, companies like Pacific Bell and JC Penney have adopted policies by which workers 
and companies both win. 

More recently, however, the moderate rate of telework and the involvement of various 
categories of workers (from highly qualified and highly paid to semiskilled and poorly 
paid) have led trade unions, while still critical, to take a more moderate and watchful 
approach. In the past few years, the actions of a number of trade unions has consisted 
largely of producing discussion papers or documents examining the nature and extent of 
telework and listing its advantages and disadvantages. 

There is evidence that unions are softening their stand towards telecommuting. One union 
(the Communications Workers of America) has, at least on the local level, taken a 
different position. The union has developed guidelines to be followed by pilot project 
participants. These are as follows: 

• Equal pay and benefits for telecommuters and other employees performing the 
same work.  

• Requirements that telecommuters work from the office a minimum of 2 days each 
week.  

• Limiting visits by managers to a telecommuter's home to no more than twice a 
month with a minimum of 24 hours' notice.  

• Company-furnished equipment and supplies (including telephone equipment) and 
reimbursement for additional utilities and insurance costs paid by the employee. 
The union also should have the right to inspect equipment at home to ensure that 
it is safe and ergonomically sound.  

• Routine advertisement to telecommuters of job openings and advancement 
opportunities. The union also calls for a message from the union to appear on the 
home computer screen when telecommuters log on, and for assurance that 
telecommuters will be given time to consult regularly with union stewards.  

• Prohibitions against excessive monitoring of remote workplaces and notice of 
monitoring to employees.  

• No preferential scheduling for telecommuters.  
• Training to be provided to telecommuters to keep them up to date with new 

technologies.  
• Assurance that employees will not be hired directly into telecommuting jobs, and 

that any employee participating in a home-based work program should have the 
option to terminate the agreement.(77)  

SUMMARY OF RELEVANT FACTORS 
This study has not identified any insurmountable barriers to telecommuting. 



While legal issues may pose problems for companies and would-be telecommuters, very 
few actual test cases exist to conclude that legal issues present a significant barrier to 
telecommuting. In more than a year of investigation by members of the Virginia 
Governor's Task Force on Telework and Telecommuting, the only example of a potential 
legal, governmental or technological barrier to telecommuting has to do with a possible 
tax liability under some state statutes of an employer not doing business in the state 
where the employee lives.(78) 

Although employer liability is frequently cited as a major concern for telecommuting,(79) 
Pacific Bell, which has one of the largest telecommuting programs in the country and has 
been involved in telecommuting for over 8 years, has yet to show a Workman's 
Compensation or other employer liability case arising from telecommuting. In general, 
organizations that have been successful in adopting telecommuting also adopt a set of 
guidelines that clearly state the responsibilities of both the organization and the home-
based telecommuters in these areas. These guidelines should also cover contingency 
plans for down time resulting from equipment malfunction, family crises, etc.(80) 

Overall, technological limitations have not proven to be a significant barrier to 
telecommuting; however, development of an advanced communications network could 
only serve to facilitate and encourage telecommuting in the future. 

BASELINE ESTIMATES OF 
POTENTIAL TELECOMMUTERS 

Current and Potential Numbers of 
Telecommuters 
The determination of the number of potential telecommuters requires definition of the 
telecommuting universe (as shown in Figure 10) - actual telecommuters as a subset of 
potential telecommuters, potential telecommuters as a subset of information workers, 
information workers as a subset of the total labor force. At each level there occurs a 
filtering out of workers as telecommuters for various reasons - inappropriate jobs, 
individuals, and/or circumstances. 

Estimates of the amount of existing and projected telecommuting vary widely, often 
because they are based on different definitions of the term. Researchers use a variety of 
definitions depending on the purpose of their survey. Another problem in enumerating 
telecommuters is that most contemporary telecommuters are employees of organizations 
that have no formal telecommuting policies/programs, so it is difficult to identify them. 

The variety of definitions of telecommuting have resulted in wide variations of estimated 
impacts, present and future, of telecommuting and its transportation impacts.  



Population/Labor Force 
According to projections by the Bureau of Labor Statistics, the growth of the U.S. labor 
force is expected to slow perceptibly between 1988 and 2000. The overall labor force, 
which was 83 million in 1970, is projected to be 70 percent larger in 2000 -- the effect of 
increased population and increased labor force participation. But growth has been 
decelerating: between 1970 and 1980, the labor force grew by 2.6 percent annually and 
between 1980 and 1988 by 1.6 percent. The rate of increase is projected to slow to 1.2 
percent over the 1988-2000 period. Labor force figures for this analysis were obtained by 
increasing the 1988 base year by 1.2 percent annually.  

Information Workers 
Information occupations play a large role in today's economy, accounting for over 50 
percent of the labor force. As fewer workers are involved in physical production, more 
information related jobs are evolving. Porat's The Information Economy divided the work 
force into 4 sectors, Agriculture, Industry (manufacturing), Service, and Information. The 
relative size of each sector is shown in Figure 11. 

The information sector is the one of primary interest. "Information work" should not be 
seen as involving only information technology, advanced computer systems, etc. 
Information workers are simply individuals whose primary economic activity involves 
the creation, processing, manipulation or distribution of information. It is generally 
agreed that most information workers, because of the nature of their job functions, could 
potentially telecommute at least on a part-time basis. However, the counting of 
information workers, and thus of potential telecommuters, is not straightforward. This is 
due to the gross nature of census occupational data and the fact that there are many job 
functions, not typically categorized in the information sector, which deal with 
information to such an extent that telecommuting is possible at least part time. The 
ultimate fraction of the total labor force that will be involved with information work is 
not clear. 

The analysis in this report is based on the assumption that information workers currently 
constitute about 56 percent of the U.S. workforce, and will gradually increase to around 
59 percent in 2002, as shown in Table 5. 

Table 5. Population/Information Worker Projections 

 U.S. 
Population* 

(millions) 

Labor 
Force** 

(millions) 

Information 
Workers 

 

Year   Number(millions) Pct. of Labor 



Force 
1992 253.3 127.6 72.1 56.5% 
1993 255.2 129.1 73.3 56.8% 
1994 256.9 130.7 75.6 57.1% 
1995 258.7 132.3 75.7 57.2% 
1996 260.5 133.9 76.8 57.4% 
1997 262.3 135.5 78.2 57.7% 
1998 264.1 137.1 79.6 58.1% 
1999 266.0 138.7 81.0 58.4% 
2000 267.8 140.4 82.5 58.8% 
2001 269.7 142.1 84.0 59.1% 
2002 271.6 143.8 85.5 59.5% 

* 0.7% increase annually ** 1.2% increase annually 

Rate of Adoption of Telecommuting 

Telecommuting represents a fundamental change in the way companies and employees 
view work. This kind of innovation would inherently require a substantial number of 
years for widespread adoption even for jobs and individuals perfectly suited to remote 
work, with supportive managers and sophisticated technologies. The uncertainties about 
costs and benefits and the need for individuals and firms to work out appropriate 
telecommuting programs are matters which will take time to resolve. In some areas 
particularly afflicted with congestion and air quality problems, these impediments will be 
confronted by public sector requirements to reduce travel, and those situations can be 
expected to be among the first to experience relatively widespread telecommuting; the 
Los Angeles area is the leading example. 

The high initial rate at which innovation can occur is suggested by the example of 
introduction of the personal computer in the workplace. While not directly comparable to 
the broader changes associated with telecommuting, desktop computing also involves 
significant changes in the way work is performed and organized, and has been affected 
by growing technological capabilities. The number of personnel computers in the 
workplace increased 16-fold -- from slightly over 1 million to 20 million -- between 1981 
and 1988, with the annual growth rate at the end of that period still almost 30 percent. 
Similarly, in only 2 years (from 1985 to 1987) telecommunications revenues for both 
cellular mobile radio and local area network connections tripled. Internet, a network 
linking many university, corporate, and government computers, experienced a five-fold 
traffic increase between 1990 and 1992. 

Thus, it is clearly possible for an innovation such as telecommuting to spread rapidly 
once a cost-effective technological foundation is in place, given that the innovation is 



truly useful to a large portion of the population. To a significant and rapidly increasing 
degree, communications services and electronic technologies are making it possible for 
many people to work almost anywhere. For telecommuting, a favorable environment -- 
the transition to a service economy consisting to a large degree of information workers, 
coupled with steadily growing reliance on information technology -- has been established 
and itself is still increasing at a high rate. The near-term rate of expansion of 
telecommuting thus, will depend largely on the benefits it offers firms and individuals, 
moderated by the rate at which all people and organizations can incorporate changed 
work styles. Only when a large portion of potential telecommuters have become 
practitioners would the growth rate be ?expected to taper off. 

The very high rate of growth possible in the very early stages of innovation is consistent 
with the findings of the LINK Resources work-at-home survey. In just 2 years, that 
survey indicated a doubling of telecommuting by employees from 2 million to 4.2 
million. If restricted only to that subset of workers whose telecommuting is associated 
with their regular job, and not with after-hours work for other firms or personal 
customers, the growth is more than five-fold: from 0.44 million in 1990 to 2.36 million in 
1992. 

Exogenous factors which could influence growth rates include: 

• Increased government and market pressures for telecommuting implementation.  
• The level of telecommunications technology and network enhancements.  
• Faster-than-projected implementation of enhanced technologies (such as ISDN 

and continuing expansion of personal computer technology).  
• The widespread enactment of regulatory incentives such as increased gas taxes, 

mandatory parking fees, elimination of parking subsidies, and Central Business 
District parking surcharges.  

• Enactment of direct incentives such as tax rebates and/or deductions for 
employers of telecommuters or for telecommuting employees.  

Potential Number of Telecommuters 

Given a projection of the number of information workers and a sense of the rate at which 
telecommuting could be adopted, it remains necessary to assess the degree to which 
information workers can and will become telecommuters. Many conditions must be met 
for a person to become an active home-based telecommuter. Dominant considerations are 
as follows: 

• The job must be suited, at least in part, to performance at a remote location.  
• The capabilities and personal characteristics of the employee must be appropriate 

to working with little or no direct supervision.  
• The employing firm must accept telecommuting as a legitimate and desirable 

activity, provide necessary support, and must have appropriate information 
technology applications.  



• The supervisor or manager of the employee must accept the concept and practice 
of telecommuting.  

• The employee must feel comfortable with telecommuting in terms of its 
suitability to his or her personal work habits and style, its reduction of social 
interaction, and its relationship to advancement and career.  

• The employee must have a suitable workplace and working time free of 
distractions (such as child care responsibilities).  

• Available technology, particularly telecommunications services, must be adequate 
and cost-effective for the work to be performed at home.  

Even if all of these conditions are met, it is still necessary that the business and the 
worker be motivated toward telecommuting. The local transportation environment will be 
critical in this. Severe congestion, stringent transportation demand management practices, 
and lack of public transit will typically be a powerful incentive for telecommuting. 

While all of these conditions can clearly be met in many cases, it is also apparent that 
each will filter out a portion of the potential telecommuting population. Their cumulative 
effect is likely to be substantial. As telecommuting becomes more established and 
experience accumulates on this new way of working, it may turn out that the factors listed 
previously shrink to a low level of importance. However, without evidence to the 
contrary, all must be considered as significant constraints on the speed and ultimate level 
of implementation of telecommuting. 

Some of the factors listed above lose much of their importance in the case of 
telecommuting centers close to the home. Although the work is performed remotely, it 
will still be in a relatively conventional workplace environment and is likely to provide 
significantly better telecommunications services and other supporting functions. On the 
other hand, it will typically represent a significantly greater investment for the employer. 
Most importantly from the perspective of this report, remote work centers will typically 
only shorten, rather than replace, the daily commute. Their impact will thus depend on 
the whether they proliferate to the degree that they are very close to the workers they 
serve. A compensating factor is the likelihood that people working at a center are likely 
to telecommute more often, perhaps nearly full time. When this occurs, the expense of 
providing the facility may be balanced to some degree by not having to provide an office 
at the regular workplace.  

Several studies have attempted to arrive at quantitative estimates of the upper bound of 
substitutable transportation behavior. Most center around the idea that certain work roles 
with certain job functions may be susceptible to performance from remote locations. 
Figures between 10 and 20 percent are most often quoted. These are based on 
assumptions about the location and mix of work roles in the future economy and 
conjectures about the susceptibility of those work roles to substitution. 

In this way Nilles has developed forecasts based on a relatively detailed examination of 
the subject, and his values are used as a starting point for the analysis presented in this 
report. He foresees an exponential growth during the early 1990s, followed by an 



approximately linear increase from 1995 to about 2010 at a rate of approximately 10% 
per year, nearing saturation in 2030 at 60 percent to 70 percent of the information worker 
population. These projections are explicitly speculative; Nilles notes "Since we are still at 
the relative beginning of the major growth curve of telecommuting it is not possible to 
make definitive forecasts. In fact, there is a growing literature supporting the allegation 
that definitive forecasts of complex, chaotic phenomena are impossible for other than 
very short periods into the future. That does not diminish the importance of 
understanding the major forces at work so that the scope of alternative outcomes can be 
suitably restrained." 

During the period 1992-2002, the timeframe chosen for this report, these projections 
yield an increase from 2 million telecommuters (1.6 percent of the labor force) to 15 
million (10.4 percent), an average annual growth rate of 22 percent. Graphs showing both 
the short-term and long-term projections are presented in Figure 12. While not 
unprecedented, the assumption of sustained growth at these rates could be unrealistic, 
particularly given the behavioral, societal, and institutional changes involved. Thus, in 
order to reflect the uncertainty of the analysis, this report also calculates potential 
transportation impacts based on a lower bound scenario for which only half as much 
telecommuting occurs. Figure 13 shows the upper and lower bound scenarios used for 
subsequent analysis, and, for reference, a curve representing 20 percent of the population 
of information workers. The data for both cases is shown in Table 6, along with the 
percentages of information workers and total labor force telecommuting. 

Table 6. Telecommuter Projections 

   Projected 
Telecommuters

   

 Upper 
Bound 

  Lower 
Bound 

  

Year Number 

(millions) 

Pct. of 
Labor 
Force 

Pct. of 
Information 

Workers 

Number

(millions)

Pct. of 
Labor 
Force 

Pct. of 
Information 

Workers 
1992 2.0 1.6% 2.8% 2.0 1.6% 2.8% 
1993 2.5 2.0% 3.5% 2.5 2.0% 3.5% 
1994 3.2 2.5% 4.3% 3.1 2.4% 4.2% 
1995 4.0 3.0% 5.3% 3.7 2.8% 4.8% 
1996 5.0 3.7% 6.5% 4.2 3.1% 5.5% 
1997 6.2 4.6% 7.9% 4.8 3.5% 6.1% 
1998 7.6 5.5% 9.5% 5.3 3.9% 6.7% 
1999 9.2 6.7% 11.4% 5.8 4.2% 7.2% 
2000 10.9 7.8% 13.3% 6.4 4.6% 7.8% 



2001 12.9 9.1% 15.4% 6.9 4.9% 8.3% 
2002 15.0 10.4% 17.5% 7.5 5.2% 8.8% 

Figure 13. Telecommuting Forecast 

Allocation of Telecommuters Over 
Various Forms of Telecommuting 
Each of the forms of telecommuting has the first-order effect of reducing work-related 
travel to some extent. The trip, energy, accident, and pollution reduction implications are 
different for non-home-based (satellite, regional, local) telecommuting than for home-
based telecommuting. Therefore, it is necessary to subdivide telecommuters into these 
five categories. Varying growth rate and saturation parameters for the following 5 main 
telecommuting options as defined by Nilles, are used. Table 7 shows the estimated 
percent of telecommuters in each of the categories from 1992 through 2002. 1992 
numbers were generated from actual current telecommuter numbers from LINK 
Resources. 2002 numbers are Nilles' estimate of telecommuters for the year 2002. 1993-
2001 numbers are a straight line estimation between these 2 points. 

Telecommuting Frequency 
For determining the transportation impacts of telecommuting, how often people 
telecommute is as important as how far they avoid driving. 

Telecommuting frequencies for the 10-year period range from: 

2 - 3.1 days/week for home/CBD 

2 - 4.1 days/week for regional/CBD 

1 - 1.5 days/week (home) for home/regional 

4 - 3.8 days/week (regional) for home/regional 

5 days/week for full-time home and full-time regional 

Table 7. Home / Regional Center Telecommuter Mix - As % of Total Telecommuters 

 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Part Time 

Home/CBD 

84.00 80.31 76.61 72.92 69.22 65.53 61.84 58.14 54.45 50.75 47.06



Part Time 

Regional/CBD 

0.06 0.17 0.28 0.40 0.51 0.62 0.73 0.84 0.96 1.07 1.18 

Part Time 

Home/Regional 

0.37 1.86 3.36 4.85 6.34 7.84 9.33 10.82 12.31 13.81 15.30

Full Time Home 15.00 13.76 12.53 11.29 10.05 8.82 7.58 6.34 5.10 3.87 2.63 
Full Time 
Regional 

0.57 3.90 7.22 10.55 13.87 17.20 20.53 23.85 27.18 30.50 33.83

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Chapter 3 - Potential Transportation-related Impacts of Telecommuting 

INTRODUCTION 
Telecommuting and other forms of remote work are becoming more and more 
widespread in the United States. Advantages often experienced by employers and 
workers alike assure that this trend will continue, ultimately affecting a substantial 
percentage of the national labor force. This chapter assesses the nature and magnitude of 
the impact this innovation can have on transportation and on transportation-related lost 
time, energy use, air pollution, and safety. It also explores other social impacts associated 
with working at home or other remote locations. 

The starting point for this assessment is the estimate of total telecommuting population 
presented in Chapter 2. Based on available data concerning average trip distance for 
commuters, the total reduction in vehicle miles traveled is readily calculated. Average 
values for fuel use, vehicle emissions, and accidents are then used to establish direct 
estimates of time, energy, environmental, and accident savings associated with 
telecommuting. The results of this process are presented below. It must be emphasized 
that in addition to the uncertainty of the estimates of telecommuting behavior, the use of 
average values for other factors may be quite inaccurate in some specific situations. Thus, 
estimates are considered highly approximate at best, and may have only limited relevance 
to particular regions where parameter values differ substantially from the national 
averages. 

Further, there are many secondary factors to be considered that can modify the results 
obtained in this direct manner. These and other transportation-related impacts of 
telecommuting are discussed in the following pages. 

Changes in Travel Behavior 
The approach described above implicitly assumes that the only effect of telecommuting is 
to eliminate work trips and associated vehicle miles travelled. This assumption clearly is 



not strictly true, since total travel behavior of the telecommuters is likely to change in 
response to their new situation and flexibility. In some cases these effects could 
potentially be comparable in magnitude to the direct results of telecommuting. 

As Sissine puts it: "Telecommuting entails a certain amount of change in the lifestyle of a 
person. The telecommuter now works at home and can allocate time to various tasks with 
increased flexibility. Telecommuting releases some of the work-related constraints such 
as the commute to and from work and the lunch hour which usually take place according 
to a fixed schedule. This added flexibility in a telecommuter's life, as a result of the 
relaxation of time-space constraints, may lead to changes in the travel behavior of not 
only telecommuters but also their household members."(81) 

The key question is whether the reduction in work trips might be balanced by new trips 
made possible or necessary by telecommuting. Examples of possible new or longer trips 
include: 

• Shopping trips normally made while en route to or from work.  
• Dropoff and pickup at a child care facility that otherwise would have been part of 

the work trip.  
• Trips by other household members made possible by availability of the vehicle.  
• Trips made possible by the time saving or more flexible work schedule associated 

with telecommuting.  
• Trips necessitated by working at home -- such as to the post office or to obtain 

supplies.  
• Relocation of residence, yielding a longer commute on office days, and possibly 

more driving for shopping and services.  

Full understanding of the impact of these effects will come only as telecommuting 
becomes more widespread and further research is conducted. However, initial findings 
from pilot telecommuting programs suggest that their impact may be small. Hartman and 
colleagues report: "It has only been within the past five years that a variety of 
telecommuting programs, mainly in the public sector, have offered the opportunity to test 
some of these hypotheses empirically. Transportation evaluations have been completed or 
are in progress for programs involving the Southern California Association of 
Governments, the state of California, the Hawaii Telework Center, the Netherlands 
Ministry of Transport, Puget Sound multi-employer program, Los Angeles County, and 
several other employers in Southern California. From these programs, several findings 
are beginning to emerge: 

• Commute travel is reduced;  
• Non-commute trips do not increase;  
• Telecommuters make proportionally fewer linked trips;  
• Telecommuters tend to shift activities to destinations closer to home;  
• Proportionally fewer peak period trips are made when telecommuting; and  
• Evidence regarding the impact of telecommuting on residential relocation is 

mixed."(82)  



The results of an analysis of the State of California Telecommuting Pilot Project, which 
was performed to determine the impacts on telecommuting on household travel behavior, 
confirm that the pilot project home-based telecommuters substantially reduced travel and 
were not offset noticeably by the generation of new trips. On telecommuting days, the 
telecommuters made virtually no commute trips, reduced peak-period trips by 60 percent, 
reduced total distance traveled by 75 percent, and reduced freeway miles by 90 percent. 
Telecommuters chose nonwork destinations that are closer to home; they exhibited 
contracted action spaces after the introduction of telecommuting (on both telecommuting 
and nontelecommuting days). The telecommuters distributed their trips over the day and 
avoided peak-period travel on telecommuting days. Nonwork trips, however, show 
similar patterns of temporal distribution on telecommuting days and commuting days. 
Nonwork trips continued to be made during the lunch period, late afternoon and evening 
hours. (83) 

Collins asserts: "Telecommuters tend to shift activities to destinations closer to home. 
Interestingly, telecommuters as well as members of telecommuter households show a 
contracted activity space (on both telecommuting and nontelecommuting days), 
indicating that they are not making the longer-distance trips formerly engaged in by the 
telecommuter."(84) This suggests a learning process by which new destinations, closer to 
home, are discovered and (more or less) permanently adopted.  

Based on these and other findings from pilot and demonstration programs, no adjustment 
for changes in travel behavior is used in this assessment. However, extensive research 
will be needed to determine their true impact in specific circumstances, particularly as 
telecommuting becomes integrated into people's lives. 

In addition to Vehicle Miles Traveled (VMT) effects, impacts could occur on air quality, 
congestion, and fuel usage as a result of other changes: 

• Extended retention of vehicles, less fuel-efficient and with poorer emission 
characteristics;  

• Shift of driving to nonpeak periods; and  
• Shift of driving to noncongested (less-urban) roads.  

Impacts on Location 
Historically, transportation improvements leading to reductions in commute times have 
facilitated decentralization to lower-density or less expensive housing on the urban fringe 
(Muller 1986). Jobs tend to remain concentrated at centers or develop in other suburbs, 
while associated commuting distances and commuting time tend to increase. Although 
telecommuting appears to bring great improvements in transportation, it seems 
reasonable to expect similar effects, at least in some cases. A primary question is whether 
long-distance moves properly attributable to telecommuting have the net impact of 
creating more VMT than are saved through not commuting to work every day. 



Data derived from the California Telecommuting Pilot Project suggests the following: 

• In the first 2 years there was no significant difference in household move patterns.  
• Availability of telecommuting will influence household move decisions.  
• Telecommuting does not as yet exacerbate urban sprawl and does produce net 

reductions in household travel in proportion to the intensity of telecommuting.  
• The proportion of state employees who could telecommute is high; one-half of 

these employees had job characteristics that suggested telecommuting only to 
centers. Therefore, the development of regional telework centers is an important 
factor in future growth.  

As Pratt reports: "Evidence regarding the impact of telecommuting on residential 
relocation is mixed. In the 2-year data collection period of the California Pilot Project, 6 
percent of the telecommuters indicated that they had moved, or were considering moving, 
45 or more miles farther from work since they began to telecommute. Of all those who 
moved or were considering moving, 28 percent reported that the ability to telecommute 
played a significant or decisive role in the choice. It is important to note, however, that no 
significant difference existed between actual moves of the telecommuters and those of a 
control group, suggesting that on the whole, the moves that did occur would have taken 
place anyway. In this particular study, any net increases in VMT traveled because of 
long-distance moves were more than compensated for by travel savings on the part of 
others. However, these are only short-term results (for a relatively small sample); long-
term residential relocation trends are likely to be more pronounced."(85) 

These factors are not incorporated in the estimates that follow. However, they represent 
an important area of future research. 

Changes in Modal Choice 
Some mode choice changes resulting from telecommuting are probable: 

• Telecommuting schedules may make it easy or even necessary for some 
telecommuters to drop out of carpools and vanpools (which may or may not 
dissolve themselves); they could also switch to driving alone on 
nontelecommuting days.  

• Telecommuters will not be using mass transit on telecommuting days, causing 
transit revenue losses.(86)  

• Household members may change modes if a vehicle is made available on 
telecommuting days.  

• Trips closer to home may shift to nonmotorized modes such as bicycle or 
walking.  

Mokhtarian and her colleagues summarize the situation as follows: "The impact of 
telecommuting on mode choice has not been a major focus of the studies conducted to 
date. While preliminary, small-sample findings seem positive (Mokhtarian 1991a), there 



is also anecdotal evidence of negative impacts on ridesharing. Thus it is desirable to 
analyze this aspect of travel behavior more rigorously. In conducting such an analysis it 
is important to realize that lower vehicle occupancies alone do increase congestion. As 
long as telecommuting simply removes a passenger from an existing carpool or vanpool, 
VMT will not increase - and will actually decrease (as a result of reduced pick-up and 
drop-off portions of the trip) unless the members of the carpool/vanpool have the same 
origin and same destination. It is only when telecommuting contributes to the 
disintegration of the entire ridesharing arrangement, so that multiple vehicle trips are 
made instead of one, that negative consequences result. Many ridesharing situations 
already have some built-in flexibility (e.g., a vanpool where it is possible to pay by the 
ride or carpooling only a few days a week to allow individual activities to be conducted 
on the way to or from work on remaining days). The impact of telecommuting in these 
situations could be minimal."(87) For this analysis, it is assumed that telecommuters will 
be pulled from the commuting ranks in the same percentages that previously existed. This 
is considered to be reasonable in view of the similarity of the demographics of 
telecommuters and solo drivers.  

Congestion Mitigation and Latent Travel 
Demand 
Traffic congestion can have direct and indirect cost impacts on business activities. The 
direct costs of congestion that affect production costs include additional labor costs 
associated with longer trips made by employees during business hours, higher vehicle 
operating costs, and suboptimal vehicle use. The trucking industry is both a contributor to 
and victim of traffic congestion. According to FHWA officials, the annual cost of truck 
delays on freeways is between $4.2 and $7.6 billion, based on vehicle operating costs and 
driver time charges. Time losses on urban streets, docking areas, etc. could range 
between $19.4 and $22.9 billion (excluding costs to industry such as lost sales 
opportunities in not having products available on time).(88) Indirect costs of traffic 
congestion include increases in accidents and insurance premiums; the degradation or 
loss of employee productivity; and increases in delivery costs, employee turnover, and 
recruitment problems. For example, a recent survey of business leaders in 13 
metropolitan areas found that about one-half indicated that traffic conditions affected 
their businesses in terms of reduced productivity and poor employee punctuality and 
morale, as well as increased employee stress. In addition about one-third of those 
responding to this survey indicated that traffic conditions had an influence on plans to 
develop or expand their operations. 

It is often assumed that from the worker's perspective, the most important reason for 
telecommuting is to avoid the stress, unpleasantness, and lost time associated with a 
lengthy trip to work on highly congested highways. Mitigation of congestion and 
associated air quality benefits are at the heart of public sector interest in many areas 
suffering from clogged roads. However, while the congestion problem is clearly solved 
for the telecommuter, the broader impacts are unclear. 



One view is that removal of telecommuters' vehicles from the highway will, in the 
aggregate, reduce overall congestion. Benefits are then substantially larger than the 
energy, pollution, and safety gains associated directly with the telecommuters' absence, 
since all vehicles on those now less-congested roads will operate more efficiently, cleanly 
and safely, and the occupants will suffer less delay. This effect can be large; control 
measures in Los Angeles during the 1984 Olympic Games reduced congestion by 60 
percent, although the drop in traffic was only 7 percent. An ADL study suggests that 
congestion mitigation benefits are comparable in magnitude to direct benefits associated 
with the reduced travel of the telecommuters alone.(89) 

On the other hand, it is often perceived that attempts to increase capacity through 
construction of additional roads seems to stimulate traffic growth -- latent demand -- that 
quickly vitiates any gains. A similar argument could be applied to the telecommuting 
case: the telecommuters might simply be replaced on the highways by other people, 
formerly users of transit or members of carpools, who observe that congestion has 
moderated to a point just below their threshold of pain and return to their automobile. In 
this case, the telecommuter still saves time, but the net societal benefits (in terms of VMT 
congestion, energy, pollution, etc.) vanish. 

The concept of latent demand absorbing the potential congestion gains is contentious, and 
the degree to which it occurs, if any, will depend on the particular circumstances. Latent 
demand might be very limited or absent in the context of stringent transportation demand 
management measures or where congestion is minimal. Estimation of the quantitative 
reduction of congestion for each removed telecommuter is uncertain in any case, 
depending on very local and specific factors. It would be very difficult to generate a 
convincing overall average for the magnitude of this effect, and that estimate would shed 
little light on the situation in any particular urban region. 

In view of these complexities, any attempt to relate telecommuting to congestion relief in 
a quantitative manner would be more likely to mislead than to inform. Rather, the 
approach taken in this report is to develop estimates only for the time, energy, pollution, 
safety, and cost savings directly associated with trips replaced by telecommuting, for a 
specified baseline case. No adjustment is made either for compensation due to latent or 
induced travel demand, or for reduced overall congestion. However, all assumptions are 
presented explicitly so that the reader may readily assess the values that would be 
obtained for different assumptions or for any desired congestion adjustment. These 
factors are among the largest uncertainties in estimation of the transportation 
impacts of telecommuting, given a projection of the amount of telecommuting which 
will occur. 

Specific Assumptions and Limitations in 
the Analysis 



The projection of the total number of telecommuters, as presented at the conclusion of 
Chapter 2, includes the assumption of gradual growth in the total United States workforce 
and a rise of the percentage of information workers. The parameters used in converting 
those projections into vehicle miles travelled (VMT) and related impacts (energy use, 
emissions, safety, etc.) are all subject to change during the next decade, although 
experience in recent years suggests that such changes will be very modest. However, the 
magnitude of the more readily predicted changes is small compared to the uncertainty in 
the prevalence and frequency of telecommuting, and in comparison to their variability 
from urban area to urban area. 

Factor Value 
Commute Distance (one-way, Home-based) 10.7 mi. 
Commute Distance (one-way, Center-based) 9 mi. 
Commute Time (one-way, Home-based) 22.4 mi. 
Commute Time (one-way, Center-based) 11.2 mi. 
Commute Speed (urban) 19.6 mph 
Commute Speed (rural) 45 mph 
Fuel efficiency 20.9 mpg 
Fuel cost $1.14/gallon 
State Gasoline Excise Tax $0.158 
Annual Highway Fatality Rate 0.0232 per million miles
Urban/Rural Mileage Split 75.2%/24.8% 

The use of current national averages limits accuracy even for parameters which are not 
currently changing, since telecommuters will not necessarily be "average" in their travel 
behavior. For example, the trip distance for telecommuters might well be greater than the 
national average used in this analysis, since those with longer commutes could be 
expected to show a greater preference for telecommuting. 

As a result, current values are generally used for factors such as vehicle fuel mileage and 
emission characteristics, average trip distance, average commute time, etc. However, the 
estimates presented in the following pages can easily be adjusted for other values 
wherever available. Given the total number of telecommuters, subdivided into home-
based and center-based, and their frequency of telecommuting, results are typically 
proportional to each factor. The values used are shown in Table 8; sources or rationale 
are presented in Appendix B. 

In order to put the results that follow into perspective, projected impacts are shown not 
only as absolute values, but also as a percentage of national totals. However, it is 
important to note that the relative impact could be much higher in specific regions where 
motivation to telecommute is strengthened by public perception of serious air quality and 



congestion problems, and by associated stringent transportation demand management 
measures. 

NET TRANSPORTATION IMPACTS OF TELECOMMUTING 

This section presents the net transportation impacts of telecommuting, based on the 
telecommuting projections asserted in Chapter 2 and the approach and assumptions 
described previously. Impacts include VMT/trips, energy, air quality, safety, and time. 
Impacts are estimated for both scenarios (upper and lower bound), as defined in Chapter 
2. 

Appendix B presents details of the estimates, assumptions, and calculations for the 
analysis.  

Summary of VMT and Trip Reductions 

1,515,370 million miles were travelled by passenger cars in 1990 (MVMA). Figure 14 
shows that 32.1 percent (NTS Table 72) of the total VMT were commuting miles. 26.3 
percent (NPTS Table 74) of total trips were commute trips. The increase in VMT 
averaged 3.7 percent annually between 1988 and 1990; this growth rate was used in this 
analysis to calculate projected VMT for 1992-2002.  

Table 9 and Figure 15 shows telecommuting VMT savings as a percentage of total 
passenger car VMT and commuting VMT for both the upper and lower bound cases. 
Total annual commuter round trips were calculated by multiplying potential 
telecommuters by the number of working days per year. The estimated 1992 vehicle 
miles saved due to 1.6 percent of work force telecommuting is 3,735 million. This 
represents 0.23 percent of the total passenger car VMT and 0.70 percent of the 
commuting VMT, rising to more than 4 percent by 2002. 

In the presence of severe congestion and a concerted effort by public agencies to reduce 
automobile travel, these levels of telecommuting and associated VMT reduction could be 
substantially greater. 

Table 9. VMT/Trip Savings 

 1992   1997 - 5 
year 

  2002 - 10 
year 

  

 VMT 
Saved 

(Billions 
of Miles) 

% of 

Total 

Passenger 

Car VMT 

% of Total 

Passenger 
Car 

Commuting 
VMT 

VMT 
Saved 

(Billions 
of Miles) 

% of 
Total 

Passenger 
Car VMT

% of Total 

Passenger 
Car 

Commuting 
VMT 

VMT 
Saved 

(Billions 
of Miles) 

% of 

Total 

Passenger 
Car VMT

% of Total 

Passenger 
Car 

Commuting 
VMT 

Upper 
Bound 

3.7 0.23% 0.70% 12.9 0.63% 2.0% 35.1 1.4% 4.5% 



Lower 
Bound 

3.7 0.23% 0.70% 10.0 0.49% 1.6% 17.6 0.7% 2.3% 

 Trips 
Avoided 

(millions) 

 % of Total 

Potential 
Round 
Trips by 
Commuting 
Passenger 
Cars 

Trips 
Avoided 

(millions)

 % of Total 

Potential 
Round 
Trips by 
Commuting 
Passenger 
Cars 

Trips 

Avoided 

(millions) 

 % of Total 

Potential 
Round 
Trips by 
Commuting 
Passenger 
Cars 

Upper 
Bound 

238  0.17% 882  0.59% 2500  1.54% 

Lower 
Bound 

238  0.17% 679  0.45% 1300  0.77% 

Interactions With Other Demand 
Management Strategies 
"In transportation contexts, telecommuting most often appears on a list of TDM strategies 
for reducing the demand for peak-period vehicle travel. The interactions among these 
various strategies are not well understood. Telecommuting could change the effectiveness 
of other TDM measures (positively or negatively) and vice versa. In particular, strategies 
intended to shift commuters to higher occupancy vehicles may affect the adoption of 
telecommuting or the transportation impacts of telecommuting or both. For example, the 
provision of child-care at the work site is expected to lower a common barrier to 
ridesharing. However, this strategy could at best discourage some from telecommuting 
and at worst lead to increased travel. In the Puget Sound project a worker whose child 
was in the day child center next to the work site had to make two round commute trips on 
telecommuting days (one in the morning to deliver the child, one in the evening to pick 
up the child), compared with one round trip on a normal commuting day. On the other 
hand, such strategies as parking and congestion pricing will stimulate shifts to 
telecommuting as well as to transit and ridesharing."(90) 

ENERGY USE IMPACTS 
Table 10 and 11, and Figure 16 illustrate the impact of energy use. In 1991 transportation 
accounted for 27.3 percent of the total U.S. energy consumption (NTS 1992, Tables 38 & 
39) with 3,936.2 million barrels of petroleum used, of which the transportation sector 
accounted for 10.78 million barrels of petroleum products per day. Transportation thus 
accounts for about two-thirds of all national oil use. Use for transportation is led by 
highway vehicle fuel use which, in turn, is dominated by passenger car fuel use.(91) 
Since commuting constitutes a major portion of automobile travel (32.1 percent), 
widespread and intensive telecommuting could produce significant savings in national oil 
use. 



Table 10. Petroleum Consumption by Highway Vehicles 

Transportation usage of motor gasoline for 1991 was 7 million barrels per day. Domestic 
demand for gasoline in 1990 for highway was 110 billion gallons, 96 percent of the U.S. 
total (NTS Table 69). 

Table 11. Fuel Savings 

  1992  1997 - 5 
year 

 2002 - 10 
year 

 

  Saved % of 
Total 

Saved % of 
Total 

Saved % of 
Total 

Upper 
Bound 

Gallons of 

Gasoline 
(millions) 

178 0.25% 619 0.8% 1,679 2.1% 

 Barrels of 

Gasoline 
(millions) 

4.2  14.7  40  

Lower 
Bound 

Gallons of 

Gasoline 
(millions) 

178 0.25% 475.9 0.6% 840 1.1% 

 Barrels of 

Gasoline 
(millions) 

4.2  11.3  20  

Using the projected VMT reduction presented in section 2.9, it is estimated that a national 
total potential savings of 4.2 million barrels per year could be obtained in 1992 and 40 
million barrels by 2002 through telecommuting. The total amount of fuel consumed by 
passenger cars in 1990 was 72.4 billion gallons (U.S. DOT, FHWA, Highway Statistics). 
The estimated 1992 savings of 178 million gallons represents 0.25 percent of this total, 
rising to 2.1 percent by 2002. A typical telecommuter who works at home an average of 2 
days per week would realize a net fuel savings of about 96.6 gallons, or 2.3 barrels, per 
year. This is 19 percent of the average yearly per-vehicle fuel consumption. 

Reductions in Fuel Tax Revenues 



Telecommuting occurring at the projected levels would result in combined Federal and 
state gas tax revenue losses as shown in Table 12. 

Table 12. Gas Tax Revenue Losses 

 1992 1997 

5 year 

2002 

10 year 
 Foregone Taxes 

(millions) 
Foregone Taxes 

(millions) 
Foregone Taxes 

(millions) 
Upper 
Bound 

$57.5 $199.2 $540.8 

Lower 
Bound 

$57.5 $153.2 $270.3 

Other Energy Use 
Nontransportation energy impacts of telecommuting are also relevant since the net impact 
will depend on whether energy use increases in home heating and cooling caused by 
home-based telecommuting are offset by energy consumption decreases in the 
conventional offices. Lights, heating, ventilation, and air conditioning systems may 
remain on in the office, as well as in the home. Less energy-efficient incandescent lights 
may be used in the home, rather than the fluorescent lighting more commonly found in 
offices. Also, the dominance of part-time telecommuting may lead to heating and lighting 
empty offices. At present, there is insufficient data available to make a meaningful 
estimate of this effect. 

AIR QUALITY IMPACTS 

Emissions Reductions 
Transportation is a major contributor to the air pollution problem throughout most urban 
areas. Despite major strides in mitigating the emissions from industry and transportation, 
most areas of the country have experienced either a slow rate of improvement or 
deterioration in air quality. Air quality is now at the forefront of national policy, and the 
Clean Air Act (CAA) as amended in 1990, places particular emphasis on transportation 
and all quality planning. The 1990 amendments expand on the requirement that federally 
assisted highway and transit projects conform with State Implementation Plans (SIP) for 
achieving or maintaining Federal clean air standards. 



The U.S. DOT is required to work with EPA and state and local governments to ensure 
that CAAA provisions are being met while ensuring sufficient mobility to the Nation's 
population and business. Mobility is a key element in economic growth and 
competitiveness and must be maintained at acceptable levels. The challenges posed by 
the CAAA will force all levels of government to rethink traditional policies and actions 
as well as to develop new thrusts that identify alternative transportation technologies, 
options, and practices that meet the multiple goals of safety, mobility, and clean air. 

The transportation system is responsible for direct and indirect environmental impacts -- 
directly by producing emissions from the cars themselves, and indirectly through 
emissions associated with fuel extraction, refining and distribution, infrastructure 
construction, and vehicle manufacturing. Figure 17 shows that the direct combustion of 
fuel (primarily gasoline) in the transportation sector accounts for 27.3 percent of total 
U.S. air pollutant emissions of hydrocarbons, 28.6 percent nitrogen oxides (the principle 
ingredients of smog) and 50.4 percent of carbon monoxide emissions (a noxious pollutant 
as well as one implicated in the formulation of smog). In urban areas, autos account for 
an estimated 70 percent of smog-precursor emissions and 90 percent of carbon monoxide 
emissions. 

"In addition to being the leading source of air pollution in the U.S., cars and trucks (as the 
source of several greenhouse-gas emissions including carbon dioxide, 
chlorofluorocarbons, and ozone) are major contributors to global climate change. 
Specifically, each gallon of gasoline burned releases 20 grams of carbon dioxide (the 
principle greenhouse gas) into the atmosphere. Overall emissions of pollutants are 
projected to increase by almost 40 percent by 2010 because we are driving more and 
under more congested conditions (Walsh, 1990)."(92) 

The pollution created by highway vehicles in 1990 was 5.085 million tons of nitrogen 
oxides, 4.63 million tons of hydrocarbons, and 27.48 million tons of carbon monoxide 
(U.S. EPA, National Air Pollution Emission Estimates 1940-1990, Nov. 1991). The 
estimated amount of reduction of these pollutants due to telecommuting is shown in 
Table 13 below. 

Table 13. Emissions Savings 

  1992  1997 - 5 
year 

 2002 - 10 
year 

 

 Emissions Tons 

Saved 

% of 
Total* 

Tons 
Saved 

% of 
Total* 

Tons 
Saved 

% of 
Total* 

Upper 
Bound  

NOx 11,852 0.23% 41,061 0.81% 111,479 2.19% 

 HC 14,571 0.31% 50,468 1.09% 137,047 2.70% 
 CO 98,753 0.36% 342,118 1.25% 928,836 3.38% 



Lower 
Bound 

NOx 11,852 0.23% 31,593 0.62% 55,739 1.10% 

 HC 14,571 0.31% 38,839 0.84% 68,524 1.35% 
 CO 98,753 0.36% 263,229 0.95% 464,418 1.69% 

* percentages based on 1990 levels 

Table 13 shows a relatively limited impact of telecommuting on air quality. However, 
these results could be very misleading when applied to a specific locality. The degree to 
which telecommuting is adopted depends in part on the overall transportation 
environment. In areas suffering serious congestion and air quality problems, in which 
stringent transportation demand and control measures are in force, firms and employees 
will have much greater incentive to explore and implement telecommuting. The result 
could be a substantially higher rate of adoption than used in this analysis, particularly for 
individuals who face the more lengthy or congested commuting trips. Under those 
circumstances, it is also less likely that latent demand will appear as telecommuters 
disappear from the highways. The resulting reduction in congestion will result in 
emission reductions for all traffic -- an effect that could be as great in magnitude as that 
from removal of the telecommuters. With a higher number of telecommuters and reduced 
congestion for all vehicles, the total reduction in emissions could conceivably be several 
times that suggested by Table 13. 

These estimates are based on emission levels from the EPA's Mobile 4.1 model. 
Transportation-related emissions occur as a result of vehicle trip, VMT, and the vehicle 
itself. In general, the lower the VMT, the lower the fuel consumption and emissions. 
However, even if the number of VMT is reduced, fuel consumption and emissions 
impacts of telecommuting are affected by a number of factors. These include: 

• Distance traveled by auto. The distance traveled by auto is important since, 
other things being equal, the shorter the distance traveled, the shorter the 
emissions. Thus, if a telecommute results in an overall reduction of distance 
travelled through the elimination of commute trips, positive impacts on emissions 
will result. Conversely, if increased work trips or a move to a more distant 
location leads to a net increase in auto distance travelled, the impact on emissions 
will be undesirable.  

• Number of cold starts (related to the number of trips). A high proportion of the 
emissions for the entire trip are created when a cold engine is started. If 
telecommuting was to generate new trips, or a higher proportion of unlinked trips, 
then the number of cold starts could increase, resulting in higher emissions even if 
total miles travelled decline.  

• Number of hot starts. The number of stops or links on a given round trip 
matters, because starting even an already-warm engine generates more emissions 
than a running engine. Thus, a 10-kilometer trip with four stops emits more 
pollutants and consumes more fuel than the same 10 kilometer trip with only two 
stops.  



• Speed. In general, low speeds and accelerations/decelerations result in higher 
emissions. A 10 kilometer trip at 20 kph emits more than a 10 kilometer trip at 50 
kph, and a trip in stop-and-go traffic that averages 20 kph will emit more than the 
same length trip with a nearly constant speed of 20 kph throughout. Thus if, 
through telecommuting, more travel takes place in the off-peak at higher average 
speeds, a benefit to air quality will result.  

• Time of day. Cold start emissions are sensitive to the surrounding (ambient) air 
temperature. In general, the lower the ambient temperature, the higher the 
emissions.  

• Vehicle used. The possibility must be considered that an individual might use a 
fuel-efficient compact for a lengthy commute, but switch to a larger "gas-guzzler" 
for short trips on telecommuting days. The presence or absence of a catalytic 
converter affects the emissions from a vehicle. Emissions from diesel engines 
differ from those of gasoline-powered engines. Thus, since telecommuting might 
prompt a reassignment of vehicles within households, a complete study of 
transportation-related energy and air quality impacts of telecommuting should 
account for the use of all vehicles in the household. (93)  

If telecommuting reduces trips in the early morning and late evening hours, and induces 
trips to be made later in the daytime, it may have a significant positive effect on air 
quality. Note that the situation is highly uncertain for satellite centers. If they are not 
located near public transit, they could conceivably increase VMT and cold starts. 

Another currently-unquantifiable factor is the possibility of increased release of 
hydrocarbons as a result of the buildup of gasoline vapors in the fuel system of vehicles 
not driven on a daily basis. 

Figure 18 reflects the distribution of hydrocarbon emissions by trip phase. In general 
there is a U-shaped relationship between speed and emissions. That is, emissions per mile 
decline as speed increases, up to about 80-96 kilometers per hour (50-60 miles per hour), 
then increase with higher speeds. If telecommuting reduces congestion, leading to fewer 
accelerations and decelerations and higher (but not too high) average speeds, it can be 
beneficial for air quality. The importance of speed on automobile emissions is illustrated 
in Figure 19. 

SAFETY IMPLICATIONS 
Highway accidents cost 43,500 lives in 1991. The telecommuters reduce their risk of 
injury and death by reducing the amount of time they spend in rush-hour traffic. Table 14 
below contains estimates of annual fatalities and accidents avoided due to a decrease in 
VMT from telecommuting. 

Figure 20 and Table 15 show a downward trend of both the annual motor vehicle deaths 
and accident rates for 1980-1990 over 10 years. The savings due to telecommuting were 
calculated against total motor vehicle deaths and accidents, and would be substantially 



higher if calculated against only passenger vehicle deaths and accidents for commuters. 
Future accident rate and death totals were based on future VMT totals; this rate was then 
applied to VMT savings accrued as a result of telecommuting to arrive at projected death 
and accident totals. There is a very high degree of uncertainty in these estimates; safety 
impacts can be expected to be highly sensitive to specific circumstances. 

Table 14. Safety Implications 

  1992  1997 - 5 
year 

 2002 - 10 
year 

 

  Number % of 
Total 

Number % of 
Total 

Number % of 
Total 

Upper 
Bound 

Lives Saved 87 0.19% 300 0.69% 815 1.97% 

 Accidents 
Avoided 

28,520 0.23% 65,770 0.63% 117,700 1.43% 

Lower 
Bound 

Lives Saved 87 0.19% 231 0.54% 408 0.99% 

 Accidents 
Avoided 

28,520 0.23% 50,355 0.49% 58,850 0.72% 

Table 15. Motor Vehicle Deaths / Death Rates 

TIME SAVINGS 
The annual commute time savings were calculated assuming a 44.8-minute round-trip by 
the urban commuter (75.2 percent) and a 22.4 minute round trip commute by the rural 
commuter (24.8 percent). This averages 77.3 hours/year/telecommuter for 1992 up to 
110.3 hours/year for 2002 as shown in Table 16. 

Table 16. Time Savings 

 1992  1997 - 5 
year 

 2002 - 10 
year 

 

 Hours 
Saved 

(millions) 

% of 

Telecommuter's 
Regular Commute 

Time 

Hours 

Saved 
(millions) 

% of 
Total 

Hours 

Saved 
(millions) 

% of 
Total 

Upper 
Bound 

156 49.2% 577 59.5% 1,652 70.2%

Lower 156 49.2% 444 59.5% 826 70.2%



Bound 

Economic Benefits of Reduced 
Commuting Time 
A substantial literature exists concerning the value travellers place on their time. 
Typically, studies suggest that commuters behave on average as though the time spent on 
their trip has a value of about $7 per hour. Thus, time savings are often multiplied by 
some such value and the results presented as a specific economic benefit arising from 
telecommuting. That calculation is not made here, since in this context such a number 
adds little to understanding and can be misleading. The meaning of a worker's saving an 
hour of commuting time is readily comprehended, but the meaning of a dollar-equivalent 
of that time is much less clear. The "saving" does not directly generate wealth that shows 
up as national income or gross domestic product, or in any other indicator. In fact, the net 
effect is exactly the same as if the employee simply moved to a new home adjacent to the 
location of his or her employment. If the worker should choose to labor at home for an 
additional hour, the result would be reflected in productivity figures. Were the employer 
able, perhaps over time, to negotiate comparably lower pay scales in exchange for the 
opportunity to telecommute, there would again be a direct productivity gain, but this is 
not generally expected to happen. 

Thus, while a dollar value can be imputed to the telecommuter's time savings, the degree 
to which the Nation has benefitted is more meaningfully stated simply in terms of 
reduction in personal commuting hours, rather than as a somewhat artificial dollar 
amount of uncertain real meaning. It is important to note that this issue, which relates 
purely to the dollar value of saved commuting time, is not related to the unquestioned real 
economic benefits to an employer arising from the possible higher productivity of 
telecommuters -- a gain often reported for pilot programs. 

OTHER EFFECTS 

Health Care Effects 
Telecommuting may improve the overall health of the worker and result in reduced 
medical costs. Studies of automobile drivers have shown significant relationships 
between exposure to traffic congestion and a variety of adverse physiological reactions. 
For example, researchers have reported a significant and positive correlation between 
high traffic volumes and increased heart rates, blood pressure, and electrocardiogram 
irregularities. Studies also show that chronic exposure to traffic congestion, especially 
over long distances, long waits, and frequent trips, increases negative mood states, lowers 
tolerance for frustration, and can even lead to more impatient driving habits.(94) The 



State of California Telecommuting Pilot Project survey data and interviews revealed 
telecommuters experienced reduced levels of stress. 

Other related factors that would improve worker health and also therefore reduce medical 
costs are reduced exposure to individuals with contagious conditions and benefits 
associated with walking instead of travelling by car. 

Economic Development 
The development of an extensive telecommunications infrastructure may provide 
economic growth opportunities in both urban and rural areas. Many authors have argued 
that advanced telecommunications systems will make all locations attractive and, 
therefore, tend to reduce existing interregional economic and social inequalities. 
However, reduced telecommunications costs do not seem to have had a major impact on 
changing the relative weights of location factors and many of the current disadvantages 
of distance will persist into the future. Outlying locations are chosen by employers based 
on a long list of factors that together represent the costs and benefits of the alternatives 
available to them. Only when the benefits of outlying locations significantly outweigh 
their costs in relation to central locations will they be selected.  

Overall, studies in this area do not yield any concrete conclusions as to the effect of 
advances in telecommuting and telecommunications technologies on the decision making 
process of firms and individuals with regard to location or relocation. However, many 
authors think that the main effect will be to accelerate the movement of jobs out of 
central areas to suburban fringe or rural locations. Growth and redevelopment of cities 
and towns in rural areas is considered a viable alternative to urban sprawl. If 
telecommunications reinforce the trend to move from major cities to rural cities, then 
urban sprawl may be reduced in favor of rural city/town growth. However, this could 
have serious consequences since small cities may be unprepared for the new growth and 
large cities may be hurt by the erosion in quality of the tax base. 

Rural Area Development 
Twenty years ago, "access" in economic development terms meant roads, highways, 
concrete, and air and rail transportation. Today, access refers to information and data and 
fiber optics. Telecommunications may mitigate the factor of geography from the 
economic development equation and make rural areas very accessible and attractive to 
expanding businesses. Unique applications of telecommunications may ensure that jobs 
are available in all areas, especially rural areas, and stop serious tendencies towards 
emigration. 

Telecommuting is being viewed as a means to provide a new way of establishing an 
economic base in rural areas by providing a mechanism to funnel work into areas of high 
unemployment. To the extent that telecommuting makes more jobs more accessible to 



economically depressed regions, it may help reduce the social tensions of poverty and 
unemployment. 

A prospectus for the Kentucky Science and Technology Council (Kentucky Rural 
Telecommuting Centers, June 1991) lays out an optimistic case for bringing jobs and 
prosperity into rural areas via investment in a superior communications network and 
education. The Kentucky program uses telecommuting as a means to encourage 
economic development in rural areas. 

A study by Arthur D. Little, Inc., Can Telecommunications Help Solve America's 
Transportation Problems? Cambridge, MA, 1991, estimates the potential societal benefits 
to rural areas at about 6.5 percent of the national benefits, or about $1.5 billion in 1988 
dollars; 61 percent of this is in the form of productivity savings and the rest is attributed 
to energy savings. (This model focuses on the time savings from trip elimination as the 
largest factor and assumes rural commuters are less likely to substitute 
telecommunications for auto trips than urban commuters; reduction of congestion and 
pollution is a very minor benefit in rural areas and rural residents do not save plane miles 
or truck miles for business trips or information transport). 

The U.S. Congress Office of Technology Assessment reports Rural America: Networking 
for the Future (1991) goes into great detail about the opportunities, challenges, and 
pitfalls implicit in the telecommunications revolution as they may affect rural areas, 
including extensive and detailed information about the possible implications of the 
pricing of telecommunications goods and services. 

While most authors are optimistic, constraints are likely to result from the lack of suitable 
skills in remote areas and the lack of appropriate support services, many of which require 
a critical mass of customers to be viable. It is unlikely that telework will lead to regional 
development without active intervention by national or local government to make up for 
such deficiencies and provide fiscal resources.(95) 

Telecommuting/Urban Sprawl 
Telecommuting is sometimes portrayed as a means of increasing the jobs-housing 
balance in urban and suburban areas by enhancing the ability to move work to, or closer 
to, the workers' residences rather than requiring workers to commute to work daily. This 
has the immediate side effect of decreasing automobile congestion and associated energy 
consumption and air pollution. However, there is a possible long-term adverse impact of 
telecommuting resulting from its ability to decrease constraints on household location, 
thereby enhancing the rate of spread of suburbia. Nilles reviews evidence concerning the 
possible effects of telecommuting on urban sprawl, the continuing urbanization of 
formerly rural areas. One consequence of urban sprawl is jobs-housing imbalance, the 
locations of employee residences change while work-site locations either do not change 
or follow the housing trends slowly. 



One of the reasons for studying the potential for telecommuting is to determine whether, 
as some feel, it would produce even more "urban sprawl" than is currently expected. 
Already there is an explosion in farm and village home prices in upstate New York, rural 
Maine, the Sierra Nevada, and other attractive locales that were once too distant from 
urban areas to be practical locations for home-based work [Portable..." 1988, 162]. For 
these reasons, even more careful land-use planning will be needed to protect areas of 
scenic beauty as well as promote optimal land use patterns in rural and small town areas 
if telecommuting is widely adopted."(96) 

Nilles suggests that this will depend strongly on the form that telecommuting takes. If it 
is primarily on a part-time basis, people who move further out into rural areas will still 
press for improvements in transportation infrastructure, thereby encouraging sprawl. If, 
on the other hand, telecommuting is full-time, which is more likely for telework centers, 
transportation infrastructure is less likely to be expanded. Thus, the more-rural locations 
will still be relatively unattractive for commuters, and sprawl will be discouraged. In 
addition, the telecommuters' constant presence will encourage development of 
neighborhood stores and services, diminishing the motivation to travel to larger urban 
locations. 

Job Creation 
The establishment of telecommuting centers in economically disadvantaged areas may 
revitalize commercial districts, and potentially, new employment opportunities. Increased 
employment will come from new jobs created at the center, as well as other jobs which 
the development and support services will create. Aside from these aspects, the existence 
of such centers will lure other employers, both public and private, to the region. 

Chapter 4 - Conclusions  
· Telecommuting is now practiced on a substantial and rapidly growing scale 

Telecommuting, now practiced by about two million people (2 percent of the U.S. labor 
force), is already a fact of life for many businesses and individuals. Employee gains in 
flexibility and quality of life can often be matched by corporate benefits of higher 
productivity and a more loyal and motivated work force. As a result, this phenomenon is 
currently growing at about 20 percent annually and the rate could increase as it becomes 
a more conventional element in providing workplace flexibility in coming years. It seems 
likely, that by early in the next decade 10 percent of office-based workers will have 
become telecommuters, averaging more than three days per week working at home or at a 
local telecommuting center. Table 17 lists Projected Future Telecommuting. 

Table 17. Projected Future Telecommuting 

PROJECTED FUTURE 1992 1997 2002 



TELECOMMUTING 
Number of Telecommuters (millions) 2.0 3.1 - 6.2 7.5 - 15.0 
Percent of Labor Force 1.6% 2.3% - 

4.6% 
5.2% - 
10.4% 

Percent of Telecommuters Working at Home 99.0% 74.3% 49.7% 
Percent of Telecommuters Working at Telework 
Centers 

1.0% 25.7% 50.3% 

Average Days per Week 1-2 2-3 3-4 

· Estimates of the future level and impacts of telecommuting are highly uncertain 

Telecommuting is still in an early stage and an accurate prediction of its rate of growth 
and of transportation impacts is difficult. Many factors contribute to the uncertainty in the 
estimates in the table shown above. The actual degree to which jobs, individuals and 
employers ultimately will be suitable to telecommuting is not clear. Most large-scale 
experiments are of recent origin and involve carefully selected workers and managers. 
Data specifically for the telecommuting subset of the driving population is lacking with 
regard to key parameters such as travel behavior (e.g., trip length and duration), and 
information concerning emissions and fuel use is not generally available. Direct and 
indirect costs to employers and the magnitude of business benefits also are not well 
established. 

Achievement of the full potential of telecommuting, as well as that of many other uses of 
telecommunications services to provide access or replace transportation, depends on 
having a regulatory and investment environment that yields a sophisticated, efficient, 
high-capacity, broad-bandwidth telecommunications infrastructure. Many complex and 
contentious regulatory and legislative issues arise in addressing that need. 

· Telecommuting has the potential to provide significant transportation-related 
public benefits 

Although the uncertainties are very large, experience to date indicates that, under 
favorable circumstances, telecommuting can provide significant reduction in highway 
congestion and associated lost time, fewer accidents, reduced emission of pollutants, and 
savings in energy and petroleum consumption. Telecommuting is already widely seen as 
an important travel demand management measure to reduce congestion and meet existing 
ambitious national air quality goals. Among the parties most interested in telecommuting 
are public agencies concerned with congestion and pollution. 

Estimates based on the technical literature and current travel statistics suggest that 
significant transportation benefits could be attainable, as indicated in the table below. 
These projections make clear that telecommuting could eventually play a significant role 
in addressing problems of urban congestion, air quality, and energy use, but it is by no 
means a near-term or complete solution. Its impact in any particular region will depend 



importantly on travel demand management measures and other aspects of the local 
transportation environment and could, in some cases, be substantially larger than shown 
in Table 18 that follows. 

Table 18. Transportation Impacts 

TRANSPORTATION IMPACTS 1992 1997 2002 

Saving in Vehicle Miles Travelled (VMT) 
(billions) 

3.7 10.0 - 12.9 17.6 - 35.1 

Percentage Saving in Total Passenger VMT 0.23% 0.49% - 
0.63% 

0.7% - 1.4% 

Percentage Saving in Commuting VMT  0.7% 1.6% - 2.0% 2.3% - 4.5% 
Saving in Gallons of Gasoline (millions) 178 475.9 - 619 840 - 1,679 
Percentage Saving in Gasoline 0.25% 0.6% - 0.8% 1.1% - 2.1% 
Value of Gasoline Saved (millions) $203 $543 - $706 $958 - 

$1,914 
Percentage Saving in Emissions NOx 

CHC 

CO 

0.23%

0.31%

0.36%

0.6% - 0.8% 

0.8% - 1.1% 

1.0% - 1.3% 

1.1% - 2.2% 

1.4% - 2.7% 

1.7% - 3.4% 
Annual Hours Saved for Average Telecommuter 77 93  110.3 
Total Annual Hours Saved (millions) 156 444 - 577 826 - 1,652 

· Emergence of latent travel demand could substantially diminish the congestion and 
air quality improvements attainable through telecommuting 

The figures shown above reflect only the direct impact associated with individual 
telecommuters. The place of telecommuters might be taken by people who previously 
commuted in carpools or by public transportation but, because of the reduced congestion, 
now choose to drive single-occupant automobiles. To the degree that this latent demand 
appears, the net change in congestion would be reduced, and transportation benefits 
associated with the telecommuter would be partially nullified. The importance of this 
effect will vary from place to place; its magnitude is likely to be strongly affected by the 
stringency of regional travel demand management measures and the local public 
perception of congestion and air quality problems. No generalization as to the net result is 
possible. The benefit estimates shown above do not include adjustment for this effect. 

· Direct energy, air quality, safety, and time benefits of telecommuting will be 
multiplied to the degree that congestion is reduced 

To the degree that telecommuters removed from traffic are not replaced by other 
motorists drawn by the reduced traffic, the resulting reduction in congestion will improve 



traffic flow and yield additional benefits in time saved, energy, and emissions for all 
remaining commuters. The magnitude of these benefits can be comparable to the direct 
benefits for the telecommuters; multiplier effects are not reflected in the table shown 
above. 

· Telecommuting could stimulate urban sprawl and other adverse impacts on land 
use and public transportation 

A potential negative impact of telecommuting and telework generally (including self-
employed people working at home) is the possibility that people freed from a daily 
commute will tend to migrate further from urban areas, exacerbating decline of central 
cities, suburban sprawl, and development pressure on rural areas prized for their natural 
beauty and resources. Similarly, the overall pattern and density of land use in urban areas 
could be affected, with direct impact on the design of public transportation systems. 
However, at this very early stage, no conclusions can be reached as to the degree to 
which telecommuting might change residential choices, contribute to decline of the city 
center, or raise other land-use issues.  

· Critical limits on the near-term rate of growth of telecommuting include 
uncertainty of benefits for employers and the considerable time and effort 
inherently required to bring about major changes in workstyles and ways of doing 
business 

The rate at which telecommuting is adopted will be constrained primarily by the still 
uncertain cost-benefit implications for businesses and the pace at which employers and 
workers become familiar and comfortable with this new way of working. In most cases, it 
represents a substantial change for employees and their supervisors, and it is not suitable 
to every job, person, or situation. The penetration of telecommuting will also be affected 
by the rate at which firms and agencies become more nearly "paperless," with most 
documents and working materials existing primarily on electronic media and employees 
fully linked by networks. A rapid expansion of advanced telecommunications services 
supplied to homes could also serve to stimulate telecommuting. Establishment of remote 
telecommuting centers is a complex undertaking that may require several years to come 
to fruition. Although there appear to be no major or insurmountable institutional 
impediments to telecommuting, a variety of legal, tax, zoning, and labor-management 
issues can require resolution in specific cases.  

· Telecommunications services and equipment are adequate for most current 
telecommuting, but high-bandwidth capabilities will be needed in the future, and 
would be beneficial now 

Telecommunication services and the often necessary electronic and computer equipment 
are generally adequate for most current telecommuting, although advances, particularly in 
high-bandwidth communications capability in homes, would be beneficial even now for 
telecommuters and many other individuals who work at home. Improvements will 
increasingly be necessary for some telecommuting situations in the future, just as they 



will be needed for many business and other applications in which telecommunications 
capabilities are substituted for physical transportation. Market forces, stimulated by the 
Clinton Administration's "information superhighway" goals, may be expected to yield the 
necessary infrastructure. However, this result could be impeded to the degree to which 
evolution of the regulatory and legal framework for telecommunications services lags the 
growth of technical capabilities. The steady decline in the cost of computers and 
peripheral equipment, facsimile machines, and other devices has already reduced cost to a 
minor consideration for home-based telecommuting, particularly as more and more 
homes are already so equipped. Cost does appear to be a significant factor in 
establishment of telework centers. 

· Government agencies can play a significant role in facilitating and encouraging 
telecommuting 

Government agencies can encourage and facilitate the application of telecommuting as a 
travel demand management measure. The 1991 Intermodal Surface Transportation Act 
(ISTEA) authorizes Federal funding to be used to support planning, development, and 
marketing of telecommuting programs designed to improve air quality and reduce 
congestion. Research and other studies to clarify employer benefits and transportation 
and air quality impacts will be important in assuring that businesses and planning 
agencies have a sound basis for telecommuting decisions. 

As telecommuting becomes more widespread, issues such as tax codes, liability, and 
labor laws could become more intrusive. Those issues will have to be addressed in a 
responsive and fully-informed manner by the responsible Federal, state and local 
agencies if telecommuting is to achieve its full potential. 

· Telecommuting can be an effective tool for travel demand management, but cannot 
be forced  

The potential transportation impacts of telecommuting are sufficient to make it 
appropriate for serious consideration as a travel demand management measure. However, 
the suitability of telecommuting to a specific situation depends on the particulars of job, 
person, supervisor, and corporate culture. It can be promoted, encouraged and facilitated 
by public authorities, but cannot be mandated externally. In general, to require that 
individual businesses or public agencies achieve a specific level of telecommuting would 
be inappropriate and ineffective. 

· Continuing research will be needed to clarify the costs, benefits, and impacts of 
telecommuting 

As noted above, the projections of telecommuting and its transportation impacts 
presented in this report and elsewhere are inherently highly uncertain. Very little firm 
data is available to resolve these uncertainties. Telecommuting is a diffuse activity, not 
well captured in current statistics, and transportation impacts are unlikely to be directly 
measurable. Even as telecommuting becomes more widespread, needed information, 



particularly that involving travel behavior and land-use impacts, will not be acquired 
without special efforts in collection, analysis, and dissemination of data. Research will be 
needed concerning virtually all facets of this subject. 

As state and local authorities struggle with formulation of programs to combat congestion 
and air pollution, they will need reliable information as to the likely characteristics and 
effectiveness of each travel demand management measure under consideration, including 
telecommuting. Similarly, businesses and other organizations considering establishment 
of a telecommuting program can generate reasonable estimates of the costs, but have 
relatively little firm information as to the overall benefits that can be expected from large-
scale implementation. The price and value of establishing telework centers is particularly 
uncertain. Businesses and other organizations need credible data concerning 
implementation and administration costs for telecommuting programs, as well as good 
estimates of productivity improvements and employee hiring and retention. 

Although it is likely to be at least several years before telecommuting reaches the level at 
which land-use impacts become of real concern, the long lead time needed to deal with 
such issues necessitates that the nature and magnitude of these effects be characterized as 
early as possible. 

Some of the more important questions which need to be answered include: 

Amount and Nature of Telecommuting. How many workers will telecommute in the near 
term? At what rate will telecommuting increase? What percentage of the U.S. work force 
will telecommuters make when this activity has reached saturation within the workforce? 
For what jobs, individuals and businesses will widespread telecommuting be truly 
feasible and advantageous? How well will telecommuting work for businesses and 
government agencies? Will telecommuters be preferentially those who have the longest 
commuting trips? What will prove to be the relative attractiveness of home-based 
telecommuting as compared to telework centers? 

Direct Costs and Benefits. What are the productivity impacts of large-scale 
telecommuting? How significant are the capital, management and administrative costs of 
conducting a major program? To what degree does telecommuting affect employee 
recruiting and retention? 

Transportation Impacts. How does total travel behavior change for telecommuters and 
members of their households? How are these changes affected by various travel demand 
management measures? How does telecommuting affect such measures, such as car-and-
van pooling and compressed (4-day) work weeks? What are the average driving scenarios 
for telecommuters? What are the emission and energy implications of their 
telecommuting? 

Land Use. In the long term, to what degree will telecommuters tend to relocate to less 
urban localities? Will telecommuting lead to land-use patterns that aggravate urban 
sprawl? Can telecommuting play a significant role in reinvigorating rural areas? 



Barriers to Telecommuting. Are there significant regulatory, legal, tax, or institutional 
barriers to implementation of telecommuting programs? What is their nature and what 
governmental and private actions can eliminate or reduce them? To what degree is 
telecommuting impeded, currently or in the future, by the inadequacies of 
telecommunications infrastructure? How much is the adoption of telecommuting linked 
to continuing advances in the cost and performance of telecommunications services and 
information and communications technology? 

Transportation Planning. How is telecommuting best incorporated in travel demand 
forecasting and transportation planning? Can it be considered a "mode"? How does it 
affect existing modes? To what degree is its "mode share" affected by other modes? 

Telework Centers. What are the costs of various types of telework centers? What is their 
transportation impact? What role will they play in telecommuting? How will they affect 
land-use issues? How can they be accommodated in transportation and land-use 
planning? 

The Department of Transportation will work with other Federal agencies, states, local 
governments, and the private sector to monitor and assess telecommuting activities, 
conduct research and disseminate relevant information concerning its spread and 
consequences for transportation and land use. Insofar as is practical, organizations 
implementing telecommuting will be encouraged to develop as much information as 
possible concerning changes in the travel behavior of their telecommuters, and to 
disseminate that information for integration with other data and subsequent analysis and 
dissemination. 
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